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ABSTRACT

The nonlinear buckling analysis of geometrically imperfect, thin circu-

lar, cylindrical, stiffened shells under pure torsion and torsion combined

with axial compression, f o r  various transverse and in-plane boundary condi-

tions, is first performed. A methodology is presented for predicting criti-

cal conditions (limit point loads) for such configurations . This methodology

is based on the smeared technique (closely spaced stiffeners), the von

Khrmk-Donnell nonlinear kinematic relations in the presence of initial im-

perfections, and linear ly elastic behavior. The computational procedure

employs a Fourier series type of separated solution and by employing the

Galerkin procedure in the circumferential direction and identities of trigo-

nometric functions the field equations are reduced to a system of ordinary

differential equations. These equations are then solved by the finite dif-

ference scheme. Numerical results for numerous stiffened and unstiffened

configurations are presented. Some of these configurations are used as

benchmarks for the developed methodology, since numerical solutions for them

have been reported in the open literature.

Then, the effect of initial geometric imperfections on optimal stiffen-

ed configurations is assessed. This is accomplished by computing the cniti-

cal load at the optimum design point as well as at design points in the sur-

rounding space for a given geometric imperfection. The optimum point was

obtained through the use of linear buckling analysis. The comparison shows

(in this case) that the optimum point for torsion-loaded perfect stiffened

cylinders is also the optimum design point for same geometry imperfect

stiffened cylinders provided that the proper factor is used with the applied

torsion to account for imperfection sensitivity. Finally , a suninary of the

work performed under this grant is presented at the end of this report.
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NOTATIONS

A Area

A~~B1 
Fourier coefficients (radial displacement expression)

A~, B~ Fourier coefficient (imperfection expression)

Ax~
A
y 

Stringer and ring cross-sectional area

Ci,Di Fourier coefficients (stress function expression)

D Flexural stiffness of tha skin

E Young’s modulus of elasticity

E Extensional stiffness of the skin
xxp

~~~~~ 
Stringer and ring eccentricities (positive inward)

e
A ,YAV 

Average unit end shortening, unit end twist

F Stress function

I ,I Stringer and ring moment of inertia about their centroidal
xc yc

axes .

K Number of terms in truncated Fourier Series

Lx~
Ly 

Stringer and ring spacings

Mesh point

L Total length of the shell

M ,M ,M Moment resultantsx x y y xy
m Number of axial half waves

N ,N ,N Stress resultantsxx yy xy

Applied compressive load and applied torsion load

Nxx 2
~Nxy~~~P~~ Classical buckling loads

N ,N ,p Critical loads (limit point)xx xy crcr cr

i



n Number of circumferential full waves

NP Number of points in axial direc tion

p Press ure

Fourier coefficient (pressure expression)

R Radius of the cylinder

t Skin thickness

UT Total Potential

u ,v 4 In-plane displacements

w Radial displacement (positive inward)

- Radial geometric imperfection

x ,y, z Coord inate system
2 2 1/ 2

Z Batdorf curvature parameter [ = L (1-v ) /R.t]

e ,e ,c Reference surface strains
xx yy Xy

‘Vt. ~ ,~t Reference surface changes in curvature and torsion
xx yy xy

X ,X Smeared extensional stiffnesses of stringers and ringsxx yy

~ ,p Smeared flexural stiffuesse s of stringers and rings
x x”

v .Poisson ’s ratio

( ) ‘  = [ J ,x Derivative with respect to x

A Knockdown factor (for individual load application A = Ncr/ Na)
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1. INT RODUCT ION

Most of the investigations reported in the open literature (see Ref. 1

and the cited references therein for a complete and comprehensive historical

sketch) which consider buckling of imperfect shell configurations, employ an

isotropic constant thickness geometry and a uniform axial compression. Very

few consider other constructions and even fewer torsional loading. Loo2, in

1954 , reported the results of his investigation of the effect of initial

imperfections on the critical condition for simply supported , constant

thickness, isotropic, thin, cylindrical shell loaded in torsion. His formu-

lation contains numerous approximations andsimplifying assumptions. Nash3

removed some of the simplifying assumptions and extended Loo’s work to the

case of clamped boundary conditions. Both of these investigations have

made important contributions to the state of the art,but their reported

results can only be considered as qualitative.

A different approach, based on Koiter ’s initial postbuckling theory

(Ref. 4 and 5),was employed by Budiansky
6 in dealing with the same problem

as Loo and Nash. Results were presented for classical simply supported and

two sets of clamped boundary conditions.

The present report is an extension of the work reported by the au-

thors in Refs. 1, 7. These references present the buckling analysis of im-

perfect, stiffened , thin cylinders of finite length under uniform axial

compression and/or lateral pressure, for axisymmetric or at most symmetric

imperfections and various boundary conditions. The present work removes

the limitation on the imperfection shape and considers individual or com-

bined application of uniform axial compression , lateral pressure (which can

1
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be position dependent), and uniform end torsion. The methodology of Ref. 1

is modif ied in order to accomodate the general shap e of the imperf ection and

the new load conditions. Results of this investigation are presented both

in graphical and tabular form for several examples.

In addition, the optimization of imperfect stiffened cylinders under

torsion is investigated . This is accomplished by first finding the optimum

geometry of the corresponding perfect configuration by using linear buckling

analysis and a safety factor to account for imperfection sensitivity, and

then by assessing the effect of geometric imperfections on this optimum

geometry and the surrounding design configurations.



. —
~~~

.- — ----—-—--,,
~
- ,

~~~
. ---

~~

2. MATR~4ATICAL FORMULATION

Given an imperfect (w°) ,  stiffened , thin, circular cylindrical shell

of finite length, L, and various boundary conditions under the application

of axial compression , lateral pressure and torsion, the equilibrium equations

can be derived by employing the steps outlined in Ref. 1. By introducing

the Airy stress function as

N = - N  +F ,xx xx yy

N = F , (1)yy xx

N = N  - F ,xy xy xy

where i~ is the applied uniform compression and N,~ is the applied torsional

stress resultant, the equilibrium and compatibility equations in terms of

w and F become -

DL,~CwJ - Lq[F] - -..
~~~~~~ 

- L[F , w+w°] + 
~~ 

(w , -Pw
~~~
) - 

~~~ 
(w
~~y

-fw?
~y
)

(2)
- p = O

Ld[FJ 
+ L

qEWJ 
+ L [w , w+2w°J + —.~~~~~~ = 0 (3)

where the operators Lh, Lq and Ld are defined in Ref. 1, and 
p is the applied

pressure.

The expression for the total potential is given by

UT 2E ‘~A ~~~~~~~~~~~~~~ 

+ P2~”xx + B 3P
~xxP

~yy + ~4F
~xy] dA

E 2 2 2 1
+ 2 

~

‘

A 
+ 
~2
W
~xx + ~~~~~~~~~~ + ~ 4w , J

3



- 

2E 5
A 

[2B iF~ yy + ~ 3FX~~ ~~ 
- 

2E S
A 4 X Y  

dA

- 
5
A 

+ IP~XX + 
~4
Nxy) 

- 2rrlU.. (eA~~ 
+ VAVNXY) (4)

where the coefficients and are defined in Ref. 1, and the symbols

eAV 
and 

~Av 
denote the average end shortening and average shear strain

respectively. The mathematical expressions for these quantities are given

by

2rr R L
eAV a1~ 

- 

~~ 
[a1~ ,~~ + a2F, + a3

w,

+ a4
w,~~ 

- w, (w, + 2w
~~)] 

dxdy (5)

2N 2rrR L 2F,

~AV (l_V)E xx
p 

- 

~~~
bo So [(l_~)~~ 

+ ~~~~~~~~~~~~~~~~~~~~~~~

(6)

S imi lar ly,  the expressions for the end shortening and shear strain

at y — 0 are g iven by

e(r O) = a
1
i~ - f~ [a jF ,~~~ + a2F ,~~~ + a3

w , x + a4w ,~~

- w, (v, + 2w~~)] dx (5a)

y=O

= (lV
~~xx 

- 

~5 [(l~~~)~~~ 
+ W~x

W
~y 

+ W?x
W
~y 

+ w , w ,°] dx

(6a)

4
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The boundary conditions are developed in a manner similar to Ref. 1,

and the general computer program is written so as to accoinodate any combina-

tion of transverse and in-plane boundary conditions (SSi, CCI, FF1, i = 1,2,3,4)

1. F, = F , = 0
SS w = M  = 0

XX 
2. F,

CC w = w , = O  (7)

* 
3. V = C; F, = 0

FF Q,~~~M = 0xx 
~~ V = C ; u = C

where C is a constant, and the conditions in u and v may be expressed in

terms of w and F as in Ref. 9.

The first step in the methodology , employed herein as well as in Ref. 1,

is to reduce the governing equations, Eqs.(2) and (3) from a system of coupled

nonlinear partial differential equations to a system of coupled nonlinear

ordinary differential equations. This is accomplished by employing the

following separated form for w and F.

w(x ,y) = ~~~~~ cos + Bi(x) sin

(8)

F(x ,y) = [Ci (x) cos + Di(x) sin

In addition, if one considers the imperfection to be, in general , asymmetric

and the applied pressure position dependent, then similar expressions may be

employed for w°(x ,y) and p(x ,y) ,

5 
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w°(x,y) = [A~(x) cos + B~(x) sin

(9)

p(x,y) = )
~ [p~ (x) cos + p~ (x) sin

The reduction to ordinary differential equations is accomplished

through the following steps.

(1) First, Eqs. (8) and (9) are substituted into the compatibility

equation , Eq. (3) . Then , by employing trigonometric identities involving

products and the linear independence of the sine and cosine terms, (4K +1)

coupled nonlinear ordinary differential equations are obtained. This sub-

stitution clearly shows why the summation in the F(x,y) expression is from

zero to 2K. These equations, which relate the A~(x), B~ (x), Ci(x), etc., are:

for i = 0

K

c” = ~~~~~~~~ {-q11A 
- -

~~~~ + - 

~~~~~ [(~ 
+ 2 A )  A~ + (B~ + 2 B )  B~]} (10)

for i = 1,2,3,.. .2K

(of ) from the cosine terms

2 ,, in in 2
d 11C~~ - 2d12 (-i) c~ + d 22 (i-) cj+61[q11A j - 2q12 (i-) A~

6 j  in\ 2 
“

+ q22 (~l) AJ + 6~~A~ /R - -r (i-) (A~ + 2A~)A

- (
~~~2 

j~l 
~~~~~~~ ~~~ (A 1÷~ + 2A~÷J) + (2 - ~~~~~~~~~~~~~~~~

~ 

.~~~~~~~~ ~~~~~~~~~~~~~~ ,---—~~~ ,--~-—- .--~~~~~~~~~~~~~

--..-.

~~~~~



(A 1~~~ 1 
+ 2Aij~~ I

)]AJ 
+ [i+i

2
6~~~ (B~÷~ 

+ 2B~~~)

- ~~~~(i-J)
2
6
1 1 3 1  (B1~~~ 1 

+ 2B11 

~
)] B~ + ~~~(i+i)6~~~~ (4~ 

+ 2A~~~ )

- 

~~~~~~~~~ 
li-il 6 k-iI (Aj~~jI + 2Ar

~ ~1)]
i A~

+ 2i~~
(i+i)8

~ ÷j (B~~~ + 2B~~~ ) + (2 - ~~_1)ii_iio 11_~1~

(Bj~~jI 
+ 281j_jI)] jB~ + [8~÷~ (~;+~ 

+ 2A~~~ )

+ (2 - 

~) ~~~ 
(
~

‘
~~1 + 2A~~ ~1)]

j
2
A~ + ~~~ (B~÷~ + 2B~~~)

- 

~i.j
o Ii~j l (~

‘
~
‘
~~1 + 2B~~~~1)] .J

2
B
J} 

= 0 (11)

(~) 
from the sine terms

- 2d12 (
in)

2 
D~ + d 22(~~ ) D~ + 

~~ 
[q11B’ ’  

- 2q12 (~) 
B~

÷ ~~~ (~~~)~ B~~ + ô iBj/R - ~~~ 
(
in)

2
( + 2B~) A

~

- (n)
2 

~~ ~~~(i+J) 28~~~ (B~÷~ + 2B~÷~) +

j =l

(B 1j j ;  + 2Bij j~
)] A

J 
+ [~~i÷i

2
&~~~ ~~~~ + 2A~~~)

7
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2 2 o
+ (2 - ~ 3~~ ) ( i - j )  61i-iI (A 1 1 3 1  

+ 2A
1~ •~)J 

B~

-2 [-(i+~)o~÷~ (B~~3 
+ 2B~~3) + (2 

-

(B~~~31 
+ 2B~~~31)J JA~ 

- ~~(i+i)6~~~ (4+ + 2A~~3)

+ 
~~~~~~~~~~~ 

(Aj 1 3 1  
+ 2A~~ .~~)] JB

3 
+ ~~~~~ (B~~3 

+ 2B~~3)

+ 
~~~~
. .6 I j j I  (Btj + 2Br1 ~)] 

3
2
A
3 

+ [- ~~~~ (
~~÷3 

+

+ (2  - 
~~~~~~~ 

~ 
(
~

‘
~~1 + 2Ai~..jI)] 

3
2
B
3 

0 (12)

where the prime denotes differentiation with respect to x and

-l £ < 0
0 L > x

= { ; ri1, = { o .t 0 (13)
1 2 � K  N

I L > O

(2) Second , Eqs. (8) and (9) are substituted into the equilibrium

equation , Eq. (2), and the error is made orthogonal to cos and sin

for i = 0,1,2. . .K. This is a Galerkin-type procedure with respect to the

circumferential direction. The vanishing of the (2k+1) Galerkin integrals

leads to the following system of (2k+1) nonlinear ordinary differential

equations (equilibrium)

8

k ~~~~~~~~~~~~~~~~~ --—~~~—- . . . . 
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for i = 0

2 2q~1 1 — 
,,

A
0 (nh 11 + q11/d11) + A0 (Rd 11

) + A (
R
2
d~~~ 

+ N
~~ (A 0 

+ A0)

- - (
~~~2 

~~~ 2 {~ [(~ 
+ 2 A )  A~ + (~ ~ 

2A;”) A~

+ 2(A
1 
+ 2 A )  A~ + (B3 

+ 2 B )  B~ + (B + 2B )B3 
+ 2(B

J 
+ 2B )B~j

+ Rd E(Aj + 2A~) A
3 

+ (B3 + 2B )B3] 
- 2 [(A3 

+ A ) c
’
~ + (B 3 

+ B )

+ 2(A~ + A~~) c + 2(B~ + B ’) D + (A’~ + A ”) c
3 
+ (B + B~~ )DJ]} = 0

(14)

for 1=

(a’) when the weighting, function is cos

2 ,, in — 
,, 

~~“D [h11A 1 - 2h12 (-i) A1 + h
2 (i-) AJ + N (A~ + A~ )

- 2~~~ (B~ + B~’X?) 
- [q~ c7 - 2q~~ (

in)
2 
c~ + q~~ (~~~~cj

- C~/R - p~ + 
(i)

2 (A~±A)~~ 
~-q11A0 - A0/ R + (

~~~
)

2 

j
~~
l

3
2 

[(A3 
+ 2A )A3

+ (B3 
+ 2B;) B3]} 

+ ~ (~ 
y {[(i+J )

2o~~~ (A1~ 3 
+

3=1

9
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+ (2  
- ii~~1)(i_J) 2o 1 13 1  (A 1~ .31 + Al1 31)1 c’~ + [(i+J)26~÷~~x

(B 1~3 
÷ B~~3) 

- 

~ij (i-J) 2o I j j I  (Rh 3 1 + RIj

+ ~~(i+j)61~3 (4÷~ 
+ A~~3) 

- 

~Ii-jI6~~ j (Aj 1 31÷ Ahj j I)Jic~

+ ~~(i+i)6~~ 3 (B~÷3 + B~÷3) + (2 
- 

~~ 
j ) !i~3 l 6 Ij j I ( B 1j j ,+ B~~~31)]JD

+ [~ (~
‘
~ 3 + A

0
~~
3) 

+ (2 - 

~~-j ) 61i-j I (A ~
’
1 3 1  

+ A~~~31)] ~
2c

3

+ [~ (B
’
÷3 + B~~3) 

- 

~i-j 8 l i~il (
~

‘
~~31 + Bi’j _31)] 

.2~~} = 0 (15)

(~) when the weighting function is sin

D [h 11B”’ - 2h
12 (

~~
)

2 
B1 ~ h22 (

~~
)

4 
B~~ ÷ ~~~ (~ 

+ B~~)

‘I

+ 2i~ (4 + A~X?) 
- [q11D”

~
’ 

- 2q12 (~~~

2
D~ + q22 (~~~

4
Dj -

- + (
ifl)

2 (B~±B~) 
{-q~~A - + ( )

2 

~~ 

~2 
[(A + 2A~) A~

+ (B3 
+ 2B) Bj + 1(

~
)

2 

~~~i+3)
2
6~÷3 (B~~3 

÷ B~÷3)

10
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+ lii ~(1-j)~6~~ 
~ 

(
~1’~1~ 

+ 

~b1•.3i)] 
c ÷ [_ (1+j) 26~~~3(A~÷3 

+

+ (2 - 1~~~1)(i-J)
2
61131 (A 1 1 31 

+ Al1 31)] 
D -

(4~ 
+ B~~~ ) + ( 2 - 

~~j)I
i=3I6Ijj,(Bjj jI + Rh

- 2[(i+L1)6~ ÷3(A~÷1 
+ A1÷3) + ~j_j1i-i1o 1i_j1 (Aj ~ il ~ 

A~~..31)] jD~

+ [61÷3(B
’
÷3 + B~~3) + ~1361 1...31(B

’
1

1
1_3 1 

+ Rh _ i l) ]  i
2
c
3

+ A~÷3) + (2 
- 11~-1)51 1_31 (A 1 1_3 1 

+ Abj...j I)]i
2Dj } = 0

(16)

Note that the equations governing the response of the imperfect configuration

to any level of the applied loading 
~~XX ’~~ 7’ 

p
~ 

and p
~
) for a given shape

and magnitude of the imperfection (A~,B~) ar-ereduced toa systemof (6k+2) equa-

tions, Eqs. (lO),(ll),(12),(14),(l5) and (16), in (6k+2) unknowns, A1(i—0 ,1,.,.K),

B1(i—1,
2...k), C~(1=0,l,...2k), and D1(i=l 2...k) . Note that C

d 
through

Eq. (1), has been eliminated from the remaining equations. In these governing

equations, one more undetermined parameter is present, the wave number, n.

This number Is established by requiring the total potential to be a minimum

at the critical condition (see Refs. I and 9). Because of this , the expression

for the total potential S needed , which is given below
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= 
E,~ 
t { B2 

f q A
” 

- 

A0~~ 
(
~~~2 

~ 

32((A + 2A )A3

+ (B~ + 2B~) B~)] 
+ 

~ [~ ~~~ 
+ D~) ~~~~ 

(c + D~)
.1=1

- ~3(-1~)

2
(c3

c + D
3
D~) + ~4(J~)

2
(c

2
~ D

3
2)J} dx + u~~ f {c~2 ( A ) 2

+ 

3=1 

[a’~(~~~~~
A
~ 
+ B~) + a’2{(Aj ) + (B~~~~ - (L)

. 2 ~\
2 2~

(A J
A
J 
+ B

J
B
J) 
+ c~4(~~) {(A31 + (B3) ~]} 

dx

- 5 {-~~ - 
~~~~ 

~~l 

~2 [(A + 2A )A~

+ (B1 
+ 2B~) B3]} dx - ii~~ 

~~ 

~ 
2p~A0 + [~~3 + p~B~]~ dt

+ nRL [E,~ 
(~ ~~~ + ~4N~~) 

- 2.(eA~~XX 
+ ‘(AVNXY)] (17)

In addition, the expressions for the average end shortening and shear

strain [see Eqs. (5) and (6)] become
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2
[(A

3
+ 2 A ) A

3
3—1

+ (E ~ + 2 B )  B~]~ - a
3A + ~ ~~ (~ 

+ 2A: ) + ~ .~~~~ [~ 
(~ 

+ 2 A )

+ 8 (B~ + 2B
))  dx (18)

K
_ _ _ _ _ _  

I L , ,
AV (1-v)E 2L J L ~ RI L i ~ 

j j I  j .jxx 
3=1

- B~ (A 3 
+ A )  - A1B ]  dx (19)

L a ,, A 2 K

eAV(ro) = a1
i~~ + ~J (~~-~~~{~ 11A + -~~~~ 

- (~) 
~ j~ [A 3 

(A 3 
+ 2A)

i—i

+ B~ (E~ + 2B~)j} - a
3A + 

~ ~ 
(i_~

2 
c~ - a2CJ]

+ ~ [a~ (
~~
)

2 
A~ - a

3
A~] + ~ 

[ ~ ~] [~ 
(~ 

+ 2A )] 
) 

dx (20)

3=1 i=0 3=0

IAV (r O) = - 

L ((l-V~E ~ 
(ii) D3

p p 3—i

(21)

i=0 j=’l j i.j 3=0
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Note that, in the total potential expression, Eq. (17), one must use

Eqs. (18) and (19) for eAV and 
~Av’ 

but Eqs. (20) and (21) are listed here

because in plotting load versus some characteristic displacement or rotation,

they are used for these characteristic parameters. The reason for their use

instead of that of the average values, Eqs. (18) and (19)., is that better

and more distinguishable plots are thus possible.

Finally, the appropriate boundary conditions are also expressed in

terms of A1, B1, C1 and D1.
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3. S0L1J~ION PROCEDURE

The solution procedure employed herein is a modification of the proce-

dure described in Ref. 1. A generalization of Newton’s method, applicable

to differential equations, serves to reduce the nonlinear field equations,

Eqs. (11) , (12) , (14) , (15) , and (16), and the approprfate boundary conditions

to a sequence of linear systems. In this method , the iteration equations are

derived by assuming that the solution is achieved by a small correction to

an approximate solution (initially taken as the linear solution). These

small corrections are obtained from the solution of the linearized (with

respect to the corrections) differential equations. The ordinary differential

equations are cast into the form of finite difference equations as in Ref. 1.

The unknown vector Z contains (l2K+2) elements

[4 = [A ~,,A1.. . .A~ ,B1. . . .B~ ,C1.. . .C2K,D1.. . .D~~,

A ,A1 AK ,Bi. .. .BK ,Ci . . . ~~~~~~~~ . .

Note that the second derivatives (of A1~
B~ ,C1 

and D~) are considered as inde-

pendent elements cf the vector [4 .
By using one fictitious point on each exterior side of the cylinder ends,

one can write a systemof (12K+2)(NP+2) difference equations, where NP denotes

the number of mesh points. This system of difference equations can be solved

by the special algorithm - reported in Ref. 10, when a unique solution exists

for a given set of applied loads. When the set of applied loads corresponds

to a critical condition (limit point), a unique solution does not exist and

thus the solution of the system of difference equations fails to converge.

On the basis of these observations, the description of the solution procedure

i



~~~~~- —~~~~~-.----- ..-- ~ -~~~~~..- -———-~. 

is as follows: First, the system of difference equations is solved for a

small level of the applied load . Then a multiple of this solution is used

for a small increase in the load parameter. At each step the value of n is

needed to accomplish a solution. To this end, different values of n are

used to obtain a solution. The solution that corresponds to the value of n

that minimizes the total potential is considered as the correct one for that

step . Numerical integration is used to find the total potential. The

number of n-values needed to be tried at each step is small , since the cir-

cumferential mode does not vary significantly with small increases in the

applied load. For the purpose of minimizing the time required to accomplish

a solution , j udgement , based on experience, is used , which provides a balance

between load step size (and consequently number of steps) and number of n-

values at each step . Numerical integration is also used , at each step , to

compute the co— g unit end shortening and/or average shear strain.

Finally, this ~~~~~~~~~ iS continued until the solution of the system of

difference equations fails to converge. The associated load level corre-

sponds to the critical condition .

In the case of combined loads, the procedure is virtually the same, but

only one of the loads is increased while the remaining are kept constant.

The ones kept constant are those which are small by comparia,n to the linear

theory individual load application critical condition. For example, consider

the case of a configuration under the application of uniform axial compression,

and torsion, N . For this case , suppose that one is interested inxx xy

finding the effect that a given imperfection has on the critical condition

(this means to find the critical curve in the ~~~~ 
Nxy

_5I
~~~ 

that corresponds

16 
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to this imperfection , and compare it to the critical curve that corresponds

to perfect geometry and is obtained through linear theory). Through the

use of linear theory the critical curve can be found for a given structural

configuration (see Fig. I) .  The intercepts denote critical loads under

individual application (from the typical curve of Fig. 1 these values are:

N = 5A and N = 8A where A is some numerical constant) . From thexx xycr crL

nonlinear procedure, outlined herein for individual load application and a

given imperfection, one can find the nonlinear theory critical loads (see

Fig. 1, ~ = 3A, and N = 7A) . In order to find the complete curve
xxcr~~ cr~~

one can (a) fix = A and 2A and employ the methodology by increasing

to find points I and II and (b) fix = A and increase to find

point III .

There is an alternate approach in constructing the nonlinear critical

curve . This approach requires that both and 
~xy be increased linearly

(along line OP corresponding to some angle 0) in order to find the critical

combination, pointlll, for that 8 value. Then vary 0 from zero to rr/2 and

the complete curve is generated .

Both approaches are incorporated into the computer program (Appendix A).

Regardless of the approach used , the ratio I6i~fff / (op t is a measure of

the imperfection sensitivity (instead of ~QIIII / LQ~
’l). This ratio may be

called knockdown factor and denoted by A.

L
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4. NUMERI CAL RESULTS AND DISCUSSION

The present methodology is demonstrated through a number of illustrative

examples. Numerical solutions are obtained by employing the Georgia Tech

high speed digital computer CDC-CYBER 70 , Nodel 74-28.

A general computer program is written, which includes the following

desirable features (Appendix A):

(1) It is applicable to a stiffened configuration, in either or both

directions, as well as to an unstiffened configurations.

(2) It accomodates all possible boundary conditions (SS1, CCi, FFi, etc.)

and it can easily be modified to accomodate elastic end restraints.

(3) The number of Fourier terms, K, can be as large as needed for

accuracy. The same is true for the number of mesh points, NP, in the finite

difference scheme.

(4) The shape of the geometric imperfection is unrestricted.

(5) It is applicable to any individual or combined application of uni-

form axial compression, torsion, and space-dependent lateral pressure.

(6) The CPU time required to obtain a solution is reasonably small. For

example, by using K = 1 and NP 57 (826 unknowns) a solution (critical load

and all intermediate steps) is obtained in 18 seconds. For low load levels

a convergent solution is obtained through two iterations. For load levels,

approaching the limit point, a convergent solution is obtained through six

iterations. The solution has converged if the percent difference in response

between two consecutive iterations is smaller than ~~~~

The numerical results for all illustrative examples (ten) are presented

in tabular form in Table 1. The geometric parameters and load conditions

19
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for each example number are shown on this table . In addition , the perfect

geometry (linear theory) results, the imperfection analysis results (present

nonlinear theory), and the associated knockdown factor, /t, are shown. For

all ten examples the boundary conditions are taken to be classical simply

supported (SS3). Poisson’s ratio for examples 4 and 5 is 0.3333 while for

the remaining examples is 0.3.

Examples 1, 2, and 3 have been reported in Refs. 1 and 7. The imper-

fection considered , for these examples , herein is

0 . USTX ( ~~~w (x,y) = t sin —i--- ~cos P. + sin K

Although a more general imperfection shape is used in this paper (in Refs.

I and 7 the imperfection shape was taken to be symmetric , cos ~~ only) the

results are the same because, in the absence of torsion, there is no coupling

between sine and cosine terms.

Examples 4 and 5 correspond to an unstiffened configuration under

torsion only, and they correspond to cases that have been worked out previously

(see Ref. 5) by employing a Koiter-type analysis. The difference between

these examples is the curvature parameter (Z = 10 for Example 4, and Z l0~

for Example 5). A comparison -between the present results and those of Ref.

• 6 shows very good agreement for both cases. The imperfection for these two

examples was taken to be

w°(x ,y) = 6 
~ [A cos ÷ Bm sin sin (22)

with 6 = t and where Am and B
m 
are the elements of the corresponding perfect

• geometry linear theory eigenvector.

21 
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Note that in the case of torsion there are two different eigenvectors

(linear theory), one corresponding to positive torsion and one to negative

torsion. Since the imperfection shape is considered to be similar to t h is

eigenvector, the analysis is performed to check the effect of one on the

other. It is found that an imperfection shape similar to the positive tor-

sion eigenvector has, virtually, no effect on the load carry ing capacity

when the torsion is applied in the negative direction . (The shell is in-

sensitive and thus A = 1). This reinforces the contention that the shell

is sensitive to imperfection shapes which are similar to the corresponding

perfect geometry linear theory eigenvector. This observation is made for

all other examples with torsional loads.

Examples 6 through 9 correspond to a s t i f f ened  configuration (same for

all four) , imperfection shapes characterized by Eq. (22) , and different

imperfection amplitudes (8 = t , 2t , 3t , and 5t respectively). The results

for these cases are also presented graphically on Figs. 2 and 3. Two ob-

servations are worth mentioning here. First, the “guessed” postbuckling

behavior (see dotted line on Fig. 2) indicates that shells loaded in torsion

are not as sensitive to geometric imperfections as those loaded in axial

compression. This is in agreement with the quali tat ive resul ts  of Ref . 3.

Second , stiffened configurations of the same curvature parameter (based on

actual thickness) or a weighted curvature parameter (based on a weighted

thickness that includes the smeared stiffener contribution) are not as sensi-

tive as the corresponding unstiffened configurations. According to Ref. 6

(see Table 1; Case I , and Fig. 6 of this reference) the knockdown factor

for an unstiffened configuration with Z < 96 is definitely smaller than 0.6

• (A<0.6) , while for these stiffened geometries It � 0.86.
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Finally, Example 10 corresponds to the same stiffened configuration

as Examples 1 and 6 through 9 but under combined application of axial

• compression and torsion. The imperfection shape, for this example also, is

taken to be similar to the classical perfect geometry eigenvector. Since,

for this geometry, the analysis is performed for individual load application

(Examp les I and 6), the knockdown factor is computed as described in the

previous section (see Fig. 1).
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5. OPT DIAL CYLINDERS IN TORSION

Since no stiffened or unstiffened shell configuration is free of ini-

tial geometric imperfections, the optimization of such configurations re-

quires the specification of both the amplitude and shape of the geometric

imperfection and the use of a nonlinear buckling analysis in the solution

methodology . Both requirements present difficulties of various degrees, the

most serious of which is the inclusion of the nonlinear buckling analysis in

the optimization algorithm. Because of this, an alternate approach will be

employed. This approach is much simpler in terms of execution computer t ime

and does lead to a reasonable final solution. Before presenting and demon-

strating this alternate approach ,let us state exactly the problem in hand:

Given an internally stiffened , thin, circular, cylindrical, imperfect shell

of specified material, radius, length, and imperfection (amplitude and shape)

find the size, shape and spacings of the stiffeners, and the skin thickness

such that it can safely carry a prescribed torsional load with minimum

weight.

The alternate approach consist of the following steps :

1) Employ a safety factor with the applied load, which accounts, among

other things, for the imperfection sensitivity of the stiffened shell.

2) Perfo rm an optimization of the corresponding perfect geometry con-

figuration by employing the methodology described and demons trated in

Ref. 11.

3) Using the specified imperfection, perform a nonlinear stability

analysis (see chapters 2 through 4) on the optimum configuration (from

step 2) .  Through this analysis find the corresponding knockdown factor.

If it is close to the guessed number used in step 1 proceed with the

26

~ 

~~~~~~~~~~~~~~~ -•--~~~
-..——-

~~~
• “



• ,- - - • • ~~~~~~~~~~~ • . • • - - • - —~~~~~~ ~~~~~~= - —-—

remaining steps, otherwise modify the safety factor appropriately

and repeat steps one and two.

4) On the basis of step 2 the design space surrounding the optimum

configuration is available . Choose des ign points in this space (their

weigh t is higher than that of the optimum) and perform a nonlinear

stability analysis in order to establish the corresponding knockdown

factors . This comparison will es tablish the optimum design poin t

in the presence of specified initial geometric imperfections.

The entire procedure is demonstrated herein by employing a design

configuration of Ref .  11.

6.1 Design Example

The example used herein to demons trate the optimization procedure is

Example 1 of Ref. 11. The specified parameters are given below:

R = 8 5 in. ; L lOO in . ; K = E  ‘E 10.5 x lO6psi.

v = 0.33 
~~~ 

= 
~x 

= p = 0.1:1 lbs/in. 3

The applied torsion (stress resultant) is taken to be 300 lbs/in, and by

assuming a safety factor of approximately 1.4 to account for imperfection

sensitivity (knockdown factor = 0.715) the design applied torsion used in

the linear buckling analysis optimization procedure (Ref. 11) is 418.5 lbs.

In considering various types of stiffeners in Ref. 11, it is concluded that

the best comb ination of shapes corresponds to T-stringers and rectangular

rings (TS-RR).

The imperfection shape assumed for all configurations is taken to be

• similar to the linear theory buckling mode and the amplitude of imperfec-
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t ion is taken to be the same for all design points employed in the com-

parison (6 0.1215 in.).

Note that the imperfection is characterized by

w°(x,y) 6E (A cos + B sin sin

where A and B are elements characterizing the linear theory buckling

mode , each divided by the coefficient of the most influencing term. Through

this the largest of Am~ 
Bm is equal to 1.0 and the remaining absolute va-

lues are less than 1.0. Thus, the maximum amplitude of the imperfection

is given by

~ (A cos~~~~ + B  sin~~~) sin~~~~~~m 0  m R m R L max

For all configuration considered , 6 is varied such that 8 is always equal

to0.l2l5 in. This represents an amplitude of approximately 2.5 times the

thickness of the linear theory optimum point (t = 0.05 in.). The under-

lying thought here is that , in order for the comparison to be meaningful,

the amplitude of imperfection must be the same for all configurations.

The geometry of all configurations employed in the comparison are

given on Table 2. The symbols used are the same as those of Refs. 1,7,8

and 11. Point 1 corresponds to the optimum point as obtained by employing

linear buckling analysis in the optimization procedure. Points 2 and 3

correspond to the lightest configuration for a given skin thickness or cur-

vature parameter, Z. Points la through le correspond to designs surround-

ing the optimum point but for the same value of the curvature parameter

28
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as the optimum point. Points  4 and 5 are discussed later .

6.2 Discussion

Al l  of the design points, discussed above and listed on Table 2,

represent the linear buckling theory optimum design (pt. 1) and designs

surround ing this optimum (pts 2 ,3, la-le) . Each one of these points was

then analyzed in order to find its load carrying capacity (buckling load)

in the presence of the same amplitude imperfection. The linear (perfect

geometry) and nonlinear (imperfect geometry) buckling loads are given on

Table 2.

The goal of the entire procedure is to f ind the lightes t possible con-

figuration, which can carry safely a tors ional load of 300 lbs/in. A com-

parison among all designs shows that designs 1, and Ia through le, all can

carry safely approximately 300 lbs/in. The lightest, though , of all these

d esigns is point 1. Therefore, one may conclude that the optimum design

of the imperfect stiffened cylindrical shell is given by design point 1.

In order to s trengthen the above conclus ion one more question mus t

be answered . Before posing this question , though , let us state two obser-

vations based on linear theory optimization procedures. Given a stiffened

cylinder of specified radius, length and material, first by increasing the

value of the applied load (small increments) the corresponding optimal

weight increases; and second, the same small increments in applied load

result in small variations in the optimal geometry ~~~~~~~~~~~~~~~~~~~~~

and Z). Having made these observations (true for other load cases as well)

the question that must be answered is the following: Is it possible to

decrease slightly the applied load (by increasing the knockdown factor)

29
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and have an optimal configuration which is less imperfection sensitive , thus

resulting in a lighter configuration , which can carry safely N,~, = 300 lbs/in.?

Also , how imperfection sensitive is an optimal configuration obtained from

the linear buckling analysis optimization with a slightly higher applied

load? In order to answer these two questions , optimal configurations are

generated for N = 394.7 lbs/ in , and 435.0 lbs/in., and presented asxy
~1

points 4 and 5 on Tab le 1. As expected the corresponding weights are

slightly lower and higher than that of point 1, respectively . By performing

a nonlinear buckling ana lys is on these configurations (pts. 4 and 5) it is

clearly seen that both are more imperfection sensitive than that of point

1 and thus we may conclus ively state that , the optimum geometry for the

problem in hand is given by design point 1. Note tha t the last row of

Table 2 gives the ratio of total weight to the critical torsion (shear

resultant) for each design. This ratio can be thought of as a performance

index for each design; the lower the ratio the better the design.
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PROGRAK MAIN (INP (JJ ,OUTPUT,IAPE5=INP L.)J,TAPE6=OUTPUT,TAPE2I,IAPE22)
C. MA IN
C POST iL).~~~(L ING OF STIFFENED CYLINDRICAL SHELLS UNDER COM dINE D LOAD OF
C UNIFORM AXIA L LOAD, LATt RAL LOALa ANO TORSION• COi1I1ON/FOU~~1/KFOU~ ,K1,K2,K 3,K4,K5,K6,K7,K8,K9-.CUIIMON/F0Up 2/Kj0,K11,K.2,K13,KiL.,K15,KK2• —CWIMON/CINTG/NE QPOT,MI (50 ()

cOrnloN/CO1S’(/121(501) ,I22 (bOl)
— C O MM ~3N/FIQFR/OELTA,AL1,GA 1,AL2,k3T2,GA2GO MHON/P~ ES1/AWM (100, 3) ,A%’UIP (100, 3) , AWMPP ( 100,31

COMs1Or4/PRES2/8WM (1c~O,21,~~WMP (j~~O,2),dWMPP (100,21
CCM~1ON/PRE S3/CFM (1~~0,Le),CFt1P(1d0,k),GFMPP (100,~~)• cOM1ON/Pp~ES16/OFN (100,4),DFP~P(i0J,4),OFMPP (1O0,4)~
COMMON/P~ tS5/AWZ(1C0,3),AW~ P (100,3),AWZPP (10fè,31CO~1HON/PF~ESS/DWZ (100,2) ,BWZP (jOU, 2),8WZ?P ( iO1~,2)coMtloN,RtsoNl/AwMiJ (2,3),AwMpPa (2,3),&jwMB (2,21,BWNPPB (2,2)
cOM:1Od/RES6N2/C F~1B (2,4),CFMPPB(2,k),OFt~8(21k),OFMPPa (2,k)—C O t1M’.J~ /GEOi1/,~R,DD,H11,H12,bi22,Q111Q12,Q22,Uii,D12,D22— CO M~1ON/FACTOR/ C j,C2,C3,Ck,C5,C6,Ci’,C8 ,C9,C10,C11,C12 -

— COM MON/FACT2/OL1,OL2,CL3,DL4,0A1,OA2,DA3,DA4,O~~2,Db3,DB4,XNI,EXXP-‘~~OM 1ON/FACT3/XL , XH
COMMON /XXLOAO~ AXPRES (100,3),8XPRES (i00,2)

...COM~1ON/BOUNO/LS1,LSNOIilEi’~SION TI(l~~) ,X ~ PRES1i~ 0 ,3j
DIM E N S ION A~~(52 ,5 2) . dP(5 2 .52 ) ,C P(52 ,5 2) , PR(5 2 ,5 2)  ,GP(52 ,1)
OIMENSIOM X?(52,1),T1(52),GC (S2),~1Tt52),Vj (270k)C 2 7 U ~~~52 52
[JI1Et’~SION A~ WM (3),RWWM (2 ),CGM (~~),DDri(k)DIMENSION AwcoN (2a,3 ,3WCw’.1(20,2),cGoN (2O ,~.),DDOw (20,1.)
EQUIvALENCE (AP (1,1),V1 (1))
CALL OPENMS (ai,121,501,3) -

s
CALL OPENMS (~ 2,I22,50i,0) 

-
.

€CONV : 0. 0000 01.• IIAX ’i=52 -

M A X 2~ I1AXN~ MAXN . . , - -

• ~lR}-1 S 1  .

1J=ioo
(4 A W =:3
N B W = 2
N F 4  - - - -

13=100 -

1111. W RITE (6 ,20)  
- - 

- 

- -• REAO (5,1 0)(r1 (I),I=1,,9)
WRITE (6,60)
WRITE (6,10) (TI (I),1 1,9)
REAU (5, 100)NEQPOI,KFOUR,LS1,LSN,LPRINT,LPIOO
IF (L 1NT. .1)L(IOD i 

-

IDDET 1 • -

Rt. AU (5, 200) ~R,XL,XH,E .LAS,XNIRE4)I5,2C Q )XLA i1D,YLAMO ,EX,t~Y,R HOX,RHOYC ~~~~~~~~~~~ + 4 ~~~ +~~~~~~~~~~~~4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CALL COEFF LEX ,.EY,XLAMD,YLAMD ,RHOX,RHOY,ELAS)
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C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

W 1’~j T t (6 , 3 O 0) NEQPO1,KFO UR,LSj ,LSN
WPITL( 6,t.00)RR,XL,XH,ELAS,XNI,y (J,EXXP

ITL (o,51.3)XLAMJ,YLAMU,L.X ,tY,IOIOX,RHOT
C

CAL L I M P € R F  .

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
WFITE (6,508)
J1 .=0
WR ITE (o,510)J1

• WRITE (6,520) -

xX=0 .
00 85 I1=1,NEQPOJ
WRIIE (6,509)I1,XX,AWZ (I1,j),AWZP(I1,1),AWZPP.(I1,1)
XX=XX +OELTA

85 CONTINUE
00 86 J 1= i ,< F O U R
WRITE (6,51.0)J1 -
WRITE (6,520) - • - .• XX=u. - .
00 86 11 1,NEQPOI -

WRITE (6,5091.)I1,XX,AWZ (Ij,J1 +j),AWZP (I1,J14-1),AWZPP (I1,J141),
1dWZ (I1,J1),I3WZP (I1,J1),BWZPP(I1,J1)
XX =XX I~t~E LTA

36 CO;~TINUE
I F ( L P R I N T .N E . 1) G O  TO 39

• 
~4RjT[(f,500)DELTA,AL1 ,GA1,AL2,BT2,GA2IC (

~~, 501 1 ~11j , H12, H2 2, 01 1, 012 Q22WRItt (6,~~02)0t1,Oi2,D22,O~42,DB3,09~(6, 50 3) DL 1, DL 2, DL 3, DL 1
wRIrE (6,50~~)uA 1 ,042,DA3,0A4

39 Cc~N T I N U E  -

00 63 I1=1,(’IEQPOT -rjo 6i ~ J1=1,K 1AW :i (I1,J1)=O .
AW I1P (I1,J1)=0. •

AWtIPP (It,Jt)=0.
A XPRcS(I1,J1) 0.
XXPRtS (I i,J1) 0.
IF (J1.EQ.K 1)(iO TO 61. ‘
aW tlLIi,Jt )=o .
6W ;IP( I1,J1)~~3.‘i.-IP.’(Il,Jl) O.
GXP K~~S (I1,J11 0 .  , 

- .

64 CONTINUE
00 65 J1 1,KK2• CF~1( I1 ,J t )= 3 .
CFMP (I1,J1)~~0.
~ F.1P~’( I1,J 1) 0 .
OFMU1,J1)=0 . -

DFrIP(I1,J1.%=LJ . -

OFK??(11 ,J1)-=0.
6~ CONTINUE

46

_ _  

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- - -

~~~~~~

- ---- --—_—

~~~~~~~

-- 
_ _ _ _

64 L~~)N I iNUc
REAOI 5 , 100) ILOAD ,1PRESS
IF (IPRESS.E Q.2)GO 10 631

11~3 R~ AD (5,200)P1t00 6.~9 11 1,NEQPOI
639 XXPRES (I1,t)=P1t

GO TO 6~+0637 RC A 0 ( 5 ,2 ~~3) (XX PRES(I1,1) ,11 1,NEQPOT)
115 ó’.0 CO~’11INUEWRITE (6,2001)

dRI1E (6,200~~)(I1,XXPRES (I1,1),I1 1,NEQPO1)
GO TO ( 1,2 ,3 ,4b , ILOA O

1 READ ( 5, 2C Q) X r’4XXA ,ONXXA ,XNXYA ,AGCU~~,RII
120 WRITE (6,511)XNXXA ,DNXXA ,XNXYA ,ACCU R

1)0 11 I1=1,NEQPOI -
11 A X P R ~.S(Ii,i) XXPRES (I1,1) . .

XNX X N X X A  •

• DNX DNXXA
125 - -  - - PFAC I.

- XN I1=XNXXA 
- - -

GO 10 5
2 READ ( 5,204))PFAC , t J P F A C , X NX X A ,X N X Y A , A C C U R , R I  I

- ~4~UrE (6 , 5 1 2 ) P F A C , O P FA C ,X NX X A , X NX Y A , A C C U R
130 00 1.2 It=1,NEQPOI 

. -

12 AXPi~ES(I1,j.J PFAC~ XXPRES (I1, 11• XNX PFAC
DNX D?FAC

- XNI1. P FAC
1.35 GO TO 5 • 

- -

3 READ ( 5,2001 XNXYA ,ONXYA ,XNXXA ,ACCUR,RII 
- 

WRITE (6,513)XNXYA ,DNXYA ,XNXXA ,ACCUR
D0 13 I1=~1,NLQPO1 

- - - - .  -

13 AXPREStI1,1 ) XXP~(ES(I1,1)140 XNX=XNX YA -

- - 
- DNX=QNXYA

PfAC 1. 
- -

XNI i. X N XYA
60 T 0 5

145 - 4 REAO- (5,203)PFAC,tIPFAC,FNI,XMXYA, ACCUR,RII
-- 

00 1’. I1=1,NEQPOT 
- 

- 

- -

- 14 A X P R € S ( I l ,  1)=PFAC’XXPR%~S(It, 1)- X N X X A = F N I ~~A X P R E S ( i , 1) .
1iNXXA=0~ FAC~ X N X X A

15J XNX=PFA C .
ON X D PFAC

• P1 AXPRES(1,1) -

DP1=CPFAC-~P1
XN 11~~PFA C

155 WRI1~~(6,~~111)P1 ,DPi,FNI,XNXXA, X N X Y A , A C C U R
5 IRk RII

• IF (I~~R.EQ~ 0)IRR 1
- - X F N X = X N X X A  - 

•
X F N Y = X N X Y A  •
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I , .’  ‘.- . .  -~~ ~ l ( ~ ‘s.uI4~ J

XF~~P PFAC
TX~~X~ 100 0. ~X N X
~~~tD (5,1 00)~1NN,LHNN ,ILN~4 

-

N W A V E NMN
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CALL COEFNN (NWAVE )
C

A~~i1E (6,5Q5iNNNIF (LPRINT.NE .1)GO TO 49
Wj<jTE (6,536)C1,C2,C3,C4,C5,C6
v4 RITc. (t , ,5437)C7 ,C8,cg,C1o,C11,C12

49 C0~’EINUE 
-

ILR=0
LICON- 1
IPOTT Z O
CAL L S ECON O (T IM 1)
WRITE (6,793) TIMI

- TI(12~~TIM1
IItl .=11r12
I I~~N=0 -

555 L N L
CALL AAL OA D (ILOAO,NEQPOT,F NI,XNX ,XFNX,XFNY ,XFNP,XXPRES ,AXPRES,M3,
1(14) -

IOEI IDDET
CALL POTERSLIDET,NRHS, MAXN ,AP ,dP,GP, GP,PR, XP,CC ,~11,T1, Vi, MAX2 ,
IIXP tI ,UETM,X,- NX ,XFNY,LN,NJ,NAW,N3W,NF )
IF (LFR1NT .NE.1)GO 10 101
GALL SECONOITItI3)
TIM1~~TIM3—tIM2TIM2= lItl3
TI~14=TIi1 3 -

W R I T t ( b , 2 0 1 ) N W A V E ,X F NX ,XFNY ,XFNP,JIt1 j
101 CALL IRANSF(T1 ,MAXN ,1,LPRII41)

IiJET IODET
CALL AALOA D (ILOAD ,NE QPOT,FNI ,XNX ,XFNX,X FNY ,XFNP,XXPRES,AXPRES,M3,

1M4J .

IAHA X= 1
IBtIAX 1
A W f t A x = C.
3W M AX . 0. - - -

ITE R O
DO 1d2 J1 1,K1
A W I A X = A W K A X I - A W M  (1,Jj)
IF (J 1.E~~.K1) GU TO 102 ‘
r3WIIA X =3W MA X f -JW M (i,J1)

10 2 C O N T INU E -

00 103 I1=2 ,NEQPOI
A W ~1F1 0. - -
3WMM O.  -

~0 10.. J1 1,K1
A 1 ~ =A W i1MI AWt1 ( Ii ,J 1)
IF(Jt .EQ.K1) GO TO lOt.
.3W1~1=JW M’ 1I~3Wi U1,Jj) 

. - 
.

48
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104 CONTINUE
- I F ( A B S ( A W I - I M ) . L E . A 3 S ( A W MA X ) )  GO TO 32

A H AX = A H tIM
IA~1AX I1

32 IF (A dS (3WMM ).LE.AIIS (BWMAX )I 60 10 103
a W M A X =B4 MM
I zJ lAX =11

103 CONFINUE •

JAW MAX I
JBW - ’AX I
A W W ~1( 1) =A W M ( IA M A X , 1 )
~ A W W ~~=A~~W 1( l )
BW W ; 141 ) =i~W M ( IBi1AX,1)
BA W W • 1- =EWWM ( 1)
IF (K1.EQ.1)GO 10 1.051
00 1.35 Jl~~2,K1
A W W M ( J 1) AIl~1( IAt1AX ,J 1) -I F ( A 3 S ( A W W M ( J t ) ) . L E . A B S ( A A W W M ) ) G 0  10 31
A A W W h A W W M ( J 1 )
JA W i IAX - J1

31 IF(J1.iJ~ .K1bGO TO 105
3W W M ( J 1) = BW f I L IBt IAX,J l )
I F ( A c ( S ( B W W M ( J 1 ) ) . L E . A S S ( B A W W M ) ) G 0  TO 105

. i)AWW (1 BWWM (J1) -
— J!3.4 ’ IAX - Jl

105 CO~~TINUE
luS t JC MA X 1

J~J(’AX 1
CCI( l  ) G F M( I A MA X , 1 1
Owl ( l ) = O F M ( II3MAX ,l)
A CC M =CC 1( 1)
A 3Dt~=DDil( 1)
IF(KK2.EQ.l) ’GO TO 333
DO 136 J1 2 ,KK 2
CCM (J1) CF~1 (IAMAX,Ji)D D M ( J 1 ) ~~D F M ( I I 3 M A X , J 1 )
I F (A bS ( C G M IJ 1 ) ) . L E . A BS (A C C 1 I ) ) G O  10 30
ACCtI CC M( J1)
JC - I AX J1

30 IF (AE~S (DDM (J1)).LE .ABS (ADDM))GO 10 106ADOr) 00M(J1)
JDH ~~X =J 1

1CÔ CONT INUE
333 LN 2 .

ITER. IIERI- 1
IF( IT LR.LE.10)G0 TO 113
wr < IT~~(6,11~.) ITER
60 10 9 999 - - -  , 

- 
.

113 CALL PCTERS( IDET,NRHS,t IAX N,AP ,E3P,CP ,&P,PR,XP,CC, MI,Tt ,V l ,I IAX2 ,
IIXP M ,O ETM ,X FNX ,XF UY ,LN ,NJ , NAW ,NBW, N F )
IF(L?kli11.UE.1)GO 10 111
CALL SECONU (TIM3)
TIM 1 T1 M3— 11M2 

-- - -,, ‘ S ~~~~~~~ - ~~~~~
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1I11~ =1I~-13W R ITE (6 , 112) ITE R, NW AVE ,X FNX ,XF NY ,  XFNP, 11111
111. CALL T kANS F( 1 i,MAX N, 1,LP~~1I4T )

no its J1=1,i (t
I F ( A 4 1 1 ( I A I I A X , J i ) . N E . d ) G O  10 58
A W t . . Q N ( I T E R , J ij = 0 .
60 10 56 - -

58 AWCc (’4 (IrER,Jj)=AasL (AWM (I4MAx ,J1)—A~ w,1 (Jj))/AwM (IA (1AX,J1))
56 IF(J 1.[-Q.K1)GO 10 115

IFIa4 1 (IBMAX,J1).NE .a.)Go 10 57
3WCO4 (ITER ,J1)- 0. 

.

GO TO 115
57 CO~~1INUE

t3WCONIIIER,J1) 405 ((3WMiIuMAX ,J1)—OWWH (J1))/BWM (IBMAX ,J1))
11.5 CONTINUE

AW CH=A WC0N (IfER,JAI ’~t1AX )8WCH=BWCON (I1ER,J~ WMAX )
IAWH~ J A W MAX
I~~WI-i J !3WMAX
00 116 J1 1.KK 2 - 

. - -

IF (CFM (IAMAX,J1 ).NE.0.)G0 TO 5’.
C C O t 4 ( i T E R , J 1~) 3 .

-60 10 5 3

54 CCO N( ITE R,J1) A D S ( ( C F M ( I A MA X , J 1 )— C C M ( J 1) ) / C F M (T A MA X ,J i ) )
53 IF(DF(U 16IAX ,Ji1.NE.0.JGO 10 52,

0 0 0 N ( I T E R , J 1) = O .
GO TO 116 -

52 D0OM (ITER,J1)=A~~S((OFM (I8MAX,j1)-0DM (J1))/L~EM (ISMAX,Ji)) -
116 CO~4 T I N U E

CCH=GCON (ITER,JCMAX )
DDH= JD0;~(ITER,JDl 1Ax )ICH=JC IIAX
ID~i J O ~ AX
IF (LPRIN1.Nt~~t)GL) 10 117WRI TL (6, 1181 IIER,AWCH,BWGH,CC (1 , ODH
Wi~I1E(6,i19) (Ji,AWCON (ITER,J1) ,J1=1,K1)
WRIT ~~(6,1i9) (J1,3WCOM (IT~~R,J1),J1 1,KF0UR)
WRITE (6,119) (Jt,CCON (ITEF.,J1),J1=i,KK2)
HP. T~ (6, 11 9) (Ji, 000N( ITER, J 1) ,J 1= 1,

11, IF IA i - .CH. GT .EC O NV ) GO 10 19’.
IF(BWCH.GT .ECONV )GO TO 19’.
IF (CCH.GT.ECON %l)GO TO 194

L 

IF (OOH .GT .ECONV )GO TO 19’.
IF (XNX.E Q.XN1I) GO TO 193
IF(OP 1S,UET~1.6T.d.) GO To 193- W.<IT~~(&,j92)UETM ,IXPM - 

- 
•

GO 10 191- .  

1.93 DP(IS= C E I M  - - .

GO TO 195
194 I F I I 1E R . L E . 2 ) G 0  TO 196

I F ( A w C O ;~ ( I 1 E R , I A W H ) . G T . A W C O N ( I T c R — 1 , I A W H ) ) G O  T O 197
IF (~3WCON (IT~ R,IBWH ).GT .BWCON (ITER—1,I ~~WH))G0 10 197IF (CCON (ITE~~,ICH).GT .CCON (lTER—1,ICH1)GO TO 197

Sc



~~~~~~JII~~~~~~~~~~~~~~ .

iF (OU~ i~(,& I ,..-~,jUi1) e G I . L O U (~ tl1ci~— j , j .~JrlIJb~) I 0 197
GO 10 196

191 IF(X NX. NE .XN 11) GO 10 198
W R ITE  (6 ,991)XNX
GO TO 999 9

196 00 131 J1 1,K1
AW WM (J1 )=AW~1 (IAtlAX,J 1) -
IF (J1.EQ.Kt)GO 10 131
&3WWM (J1) 13W 1 (IBMAX ,Ji)

131 CONTINUE -

JO 132 J1 1,KK 2 
-

CC(1(J1) =CFM (1AMAX,J 11
1.32 03M (Jj)=DFM (ILIMAX ,J1)

G0 T0 333
195 CALL AA LOAD (ILOA O ,NEQPOT,FNI,XNX,XFNX ,XFNY,XFNP,XX}’RES,AXPRES,MS,

1M4)
CALL POTSN (POT, SIRYU,STRAU ,STRYG,ST-RAG ,XFNX,XFNY)
CALL StCOND (T1113)
IIrll= 11M3—TItlt. -

T1i12=IIM 3 . - 
. - - . . —

1IM~~~TIM3 
-

I1~. (6 , 24 i )X F N X , X F N Y ,X F N P , N W A V C , I T E ~~,TIM1
W R I 1 E (6 , 2A i 2 ) P O T ,S T R Y U , S T R A U , S T RY G , S T R A G
IF(I T .E Q .j )W R IT E (6 , 24 3 i D E T M , IX P M
IF(LMO U.NE.1)GO 10 476
CALL T RA N S F (T 1 ,M AX N , 2 , 3 )

476 CONTINUE
IF (LNNN .EQ.2.AND.LICQN .UE .j0)GO TO 566
IF (LICON.NE.10)GO 10 629 •

ILR I
GO 10 777

629 XNX 1 X NX - - •
IINt~~IINN +1IF (IANN .LEaIRR ) GO 10 721
WRITE (6, 122) IINN
GO 10 99 99 

.

721 CONTINUE -

XNX X NX +DNX
I F ( T X N X . G T .X NX ) G O  10 241.
0NX~~ONX/2. 

• -

XNX=XNX- DNX
AD:-.=0NX~~100/X NX . -

IINN IINN—1 - 
-

IF (ADN.GT .ACCUR)GO TO 2’.4
X NX=X C4 X1  -

• GO TO 819 -

2kg. GO TO 555
198 IF (LICCN .NE.10)GO TO 429 •

IL-~~ 0 . -

60 10 777 - - .429 IF(LNNN .EQ .OIGO TO 249
IPOTT=IPOTTI1 - -

- I F( IPOT T .G T .1)GO TO 21.9

51
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r~U I I — k ~O 1
PXNX XNX— ONX

249 A Ot4 0 NX~~l00./X (4 X
WRI1t (6 ,54 51NWAV ~~,XNX
T X N X = X N X
XNX X N X— DNX
IINN 0 - 

-

IF IAON.LE.A CCU R)~,O TO 819 
-

DNX i NX/ 2.
Xt4X X NX+ DN X .

GO 10 555 -

819 CALL AA LOAO (ILOAD ,NE~ PO1,FNI,XUX,XFNX,XFNY,XFNP,XXPRES,AXPkES,M3,1(14)
WRITE (6 , 7 8 5 ) NW A V E ,X F N X ,X F NY , X FNP,PO r ,STRY U,ST RA U,STRYG ,S IRAG

C CALCULATION OF CRITICAL WAVE N UM BE R  - 
- .

566 ~RI T E(6 ,2 0 )
IF (LNNN.E~~.&flGO 10 9999WRITE (6, 584)
1LR 1
HW PRIN=NWAVE
NWA Vt - NWAV EI- l
IF( LN NN. EQ.2 ) POT T P3T
POTMI N=POTT
14!IIN =N NN
I NW AV E O
ISTOP=0 - -

1 9 0
POT=PO11

777 CALL AAL0ADL ILOAD,NEQPO1,FNI ,XNX ,XF~4X,XFNY,XFNP ,XXPRr..S,AXPRES, 
-

1M3,M’+J
IF (ILR.EQ.1)GO TO 778
WRITE (6,582)NWAVE,XFNX,XFNY,XFNP
G0 T0 9999

778 INu~AVE INWAVE 4 l
IINN O -

IF(LNI~N.EQ.2 ‘X NX XNX
X t ~X-=PX NX -

LICON 1.0
IF (II-4WAVE .EQ .1)GO 10 391.
NWP~UN .NW AV E -

IF(19.GE.1)G0 10 694
IF (POTMIN.LE .POT)GO 10 139

• POTMIt4 POT -

NMI (4 NWAV E
- NWAV ~~~NWAVC.~~1GO TO 3-3 1

139 IF (NWAVE .LE.NNN+IIGO TO 545
ISTOP 1

- G0 TO 1~S551,9 19 19+l
1F(19.G1.1)G0 TO 694
NWAV c. t1NN 1 - 

-
.

GO TO 331

L _ _  
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b9-’. IF (PU1 I-IIN.LE.PO1)G0 10 o95
PO TML N POT
NMIN NW A VE •

N W A V ~ - N W  AV E—I
60 10 3~91635 ISTOP I
GO TO 185

391 CALL CGEFNN (NWAVE ) - 
-

CALL S ECON U (T IH2)
185 W R I 1 E (6 , 5 8 t ) NW P R I N , P X N X , P C T , T t (4 Z .

IF (NWAVE .LE.0)GO TO 9999 - 
-

IF (ISTO?.NE.1)GO 10 798
WRITE (6,789)XNX,POIMIN,NMIN
60 10 9999 - 

.

798 IF (INWAVE.G T.ILNW )GO TO 9999
G0 10 555

9999 R€A0 (5,100)LCONTN . 
-

IF (LCONTN.E Q.1)GO 10 1111 . -

20 FORM ATC1 HI) - 
- 

-

10 FORM.4T (1~10,9A8 ) 
-

60 FOt~MAT (//25H aEGINNING OF NLXT CASE
100 FCR~1AT (10I6)
200 FO~~MAT (6E12.4)
300 FOs~MA 1 (I/,2X, N0. OF POIUTS~~~, IS, 2X,~~KFOUR ’,I8 ,2X ,‘BOUND.CON Or

1. P0 Ii~1- 1=”,I8 ,2X ,”BOUND.cON. OF .~0INT NEQP0T~~ , 18) 
-

400 FO~~MAT (//,2X,’R=~~,El2.4,2X ,”XL= ”,EI2.4,2X,~~XH= ’ ,E12.4, 2X,~~ELAS=~~,2E 12.4,2X , ”XNI ,E12 .4,2X,~~D O ’ ,t t2 .4,2X ,~~EXXP~~~,E12.k$ -

573 FQ. 1 A T(/ / ,2X 1 XLAt1 0 ”,~~1~~.4, 2X , ’Y LA~lQ ,E12.4,~~X , ”tX=~~,E12 .4,2X,
1’~~Y= ”,t12.4,tX, ‘RHOX ’ ,E12.4,2X, RHOY ,E12.4) -

508 FOr~lAT (//,2X ,”1HE IMPERFECTION SHAPE IN AXIAL JIRECTLON IS~ /)510 FQRMA1 (//,2X,~ 1HE IMPERFECTION FOR CIRCUMFERENTIAL WAVE u,16/)
520 FO lA T (/ / , 4 X , ”POINT” ,9X, L~~NGT H ’,10X , ’ WZC OS ~ ,i2X , ’W ZPGOS~~,10X, - -

1 ’W Z P P C 0 S ~~, 13X ,~~W Z S I N ” , l O X ,  W Z P S I N ’, l O X , ” W Z P P SI N ” / ) • • -509 FORMAT (110,4E16.6) . 
. . -

5091 FO,~t1AT (110,7Elb .6)
500 FOR 1lA1 (//,2X,~~OEL1A ”,E12.4,2X, “AL 1~~~,E12 o4,2X, ’GA1 ’,E12.k,2X,
- 

2 AL 2~~~,t12.k,2X, 012 ,c.12.4,2X, GA2 ’,Et2.4)
~,01 fGR 1AT(//,~~X, H1i~~~,E12.k,~~X, H12~~~,ti2.’.,2X, H22 ’,c12.4,2X,

1 Qii. ”,E12.4,2X, 0 12= ,t.1~ .-4,2X, Q2~ = ,t12.4) —5~~2 FO~~i A T(/ / , 2X, ’O1t ,t i2 .4,2X, ’ 3t 2~~~,E12.4 ,2X ,~~322=”,c 12.k,2X , ”D82
1=~~,t1~~.4, 2X , DB3~~~,E12.4,~~X , 0B4 ”,E12.4) 

- -
503 FO~~MA1 (/ / , 2X ,  OL1= ,112 .4 ,2X ,  DL~ =”,E12.4 ,2X ,~~OL3= ,t.12 .4 ,2X,

1 0 L..~~~,E12.4) - -

50 ~-. FOR 1 A T(/ / ,2X , ”0A t= ”,Ei2.4 ,2X ,~~OA 2=”,E12 .4,2X ,’OA3 = ’,El2.4,2X ,~~QA4
1’,~~12 .4 )

112 FORMAI (//,2X,”SOLUTION FOR ITERATION” , 18,2X,” N ” ,I8,2X,
1”NXX ,~~12.4,2X,~ F1XY= ’ ,t12.’., FAG.LAI .LOA= ”,E12.4/2X,
2”TIME COMPUTATION ‘,E12.4,2X, ’SECONOS /2X, ’====-_========= ======

11-B F0RMA~ (f/,2X,”ITER= ”,I8,2X, A~CH=”,E15.5,2x,”3WCH=~ ,.15.5,12X, CCh ’,~.15.5,2X, 00H ,t.15.5/)
119 FO~(t1A1 (k(I8,c.15.5)) - 

-

53
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~91 t U i F u I t / / ,~~X , ” 1 H~. SO LU 1 IUP~ IS .NU l CONVtRGEU , AI~PA R tN~ LY T HE• 1IN ITIAL LOAD SHOUL D uE LESS THAN” ,E12.4) -

241 FOr~ lAT (//,2X ,”NONLINEAR SOLUTION FOR NXX ”,E12.4,2X,”NXY= ”,E12.k,
12~~,~~FAC .LAT.LOA ,El2.4,2X,”WAV~.=”,I8,2X,”IS OtilAINtt ) 8Y”, 18,
22X ,“ITL r~AT IONS /2X,”1IME COMPUTATION ,E12.k,2X,~~S~.GONiJS”/2X,”- 3OKOK0K0KO KOKOKOKOK~aKOKOKOKOKuKOK~)KOKOKU)(OKOKJKOKOKOK0KOK0KOK0KOK4OKCKOKOKOKOKOKOKOKOKOKOKOKOIc~OKOKOKOKOKOKO KOKOKOKOKOK 0K 

S•)

192 FORtIAT (//,2X ,”THE DETERMINANT CHANGES THE SIGN DETM= ”,E12.4,
12X,”IX~ M ” ,I10) — - . —242 FQa~~AT (//,2X ,”POTtNT IAL cJIERGY=”,E17.7,2X,”END SHORTLNLNG U FOR
1Y 3. IS~~,E1~~.5,2X,”AV€ RAGE END SrIOR . U- ,E15.5/2X ,”Ei’lO SHORT .
2 GA~14 FOR Y 0 .  IS”,E15.5,aX,”AVE&AGE END SHORE . GAM A = ”,E15.5)

722 FOR (IAT (//,2X,”cND OF THIS CASE OECA LJSE NUM3ER OF LOAD POINTS
1 IS uREATER IHAN” ,I8)

545 FORMAT (///,2X,”FOR WAVE NUMBEP.”,I8,2X,”THE LOAD ”, E12.4,2X,”IS
1 OVER THE LIMI T POINT”)

785 FORMAT (//,2X,”CRIIICAL LOAD FOR WAVE= ”,I8,2X,”ARE NXX ”,E12.4,2X,
1”N XY= ”,E12.4,2X ,“LAT.LOA’J ” ,Ej2.4/2X ,”POTENTIAL ENERGY ”,E17. 7,2X,
2 END.SHOR. U FOR Y= 1J. IS ,E15.5,2X,~~AVERAGE END . SHOR. U ’ ,E15.5/
32X,”~ N~~.SHOR. GAMA FOR Y 0 .  IS”,t15.,,2X,”AVERA GE.ENJ.SHOR .GAMA ”,
4E15.5/2X,”OKUKOKOKOKOKOKOKOKOXOKOKO ) (UKOKOKOKOKOKOKOKOKOKOKOKOKOKOK
5OK CKWcOK”)

58’. FO~~1MT (//,2X,”UETERMINAT ION OF THE CRITICAL CE RCU ifFERENTIAL WAV E
1 NUM-1ER ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

582 FOR~-1AT (//,2X,”FOR WAVE= ”,I8,2X ,”NXX ’,E12.4,2X,”NXY ~~’,E12.4,2X,j”LAT .LOAU ”,E12.4,2X,”THt. SOLUTION IS NOT CONVERGEL1”/2X,”
2PRO 3~~3LY THE CRITICAL LOAD IS SMALLER THAN THESE LOAOS )

581 FO~ MAT (//,2X, WAV E _ N0-. ’!I10,2X,”LOAD= ”~.E15.5, 2X,”POTENTIAL ENERGY1=”,E17. 7,2X, tLA~ StD TIMt ,Ei~~.4,2X,”ScLONDS”)789 FORMAT (//,2X,”FOR LOA D ”,E12.4-,2X,”THE MINIMUM POTENTIAL ENERGY
1 IS” ,E17.7,2X,”AN O THE-CRITICAL WAVE NUMBER IS •,I8)

511 FOR(1~~1(//,2X ,”THE INITIAL AXIAL COMPRESSION IS NXX= ”,E 12.4,2X,
1”THE INCREMENT IS 0NXX~~~,E12.4/ZX-,”THE LATERAL LO AD IS FIXtO AND
2 THE PERMANENT TORSION IS”,E12.4/2X,”THE ACCURAC Y= ”,E12.~.,2X,3”P~~RC ENTS”/i -

512 F O R M A T C / / ,2 X , ” T H E F A C T O R OF INIT IAL LATERAL LOAD IS”,E12.4,2X,”
ITHE FACTOR OF INCREMEN T IS”,El2.l+/~ X,”THE FIXED AXIAt. CO;IPRESSION
21S”,E12.4,”AMD THE FIXED TORSION IS”,Ei~ .4/2X,”Tt-4E ACCURACY= ”,
3E12. 4,2X,”PERCENT”/)

513 FORMATE//,2X,”TH€ INITIAL TORSION =~~,C12.4/2X,”THE TOR-SION 1NCREME
tNT =“,E12.4/2X , ”THE FIXED AXIAL LOA 0= ”,E12.4/2X,”TH E A CCURACY = ‘,

2E12. 4,2X ,“PERCENTS”F)
~1’. FORMAT (//,2X,”THE LATERA L LOAD IS”,E12.4,2X,”THE INCRc MtNT IS” ,E

l12.4/2X,”TIIE AXIAL CCMPR~ SSION AND THE LATERAL LOAU ARE
2 CONNECTED BY THE FACTOR” ,~~12.4/~ X , ”THE INITIAL AXIAL COMPRESSION
3 IS”,E12.4,2X,”THE FIXED TORSION IS”,E12.’./2X,”THE ACCURACY IS”,
4E12. 4,2X,”PERCENT”/)

505 F0RMAT (//,ZX,”THE GIRCUMFEREIITIAL WAVE NU(IBCR= ”,I6) -

506 FORMAT (//,ZX,”G1 ”,E12.4,2X,”G2~~~,E12.k,2X,”C3 ”,E12.4 ,2 X , ”C’.= ”,
lc.12.4,2X,”C5 ,Ej.2.4,2X, C5 6= ”,E12.k)

507 FO,OIAT (//,2X,”C7 ,E12.4,2X,”C8=~~,E1~~.k,2X,”C9 ”,E12.4,2X ,
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— _______ r~~~ ~rn. ~______________________

_ _  - -

1 CtU~~~,~~12..,2X,”CtL ,E12.4,2X,”G1Z ”,E12.’~7-~3 FOR MAT -L//,2X ,
”tLAPSEi) TIIIE ”,E12.4,2X’,”SECONDS”/)

11’. FORMAT (//,2X,
4
~.ND OF THIS CASE BECAUSE ITER GREAIER THAN “,I8)

243 FO~ t1I~T (//,2X,”DETER~lINAN T~~~,E12.4,2X,”IXPM ”,I 10)
201 FORM,41 (//,2X,”IUITIAL SOLUTION (FROM LINEAR) FOR N=”,18,2X,

1”NXX= ”,E12 .4 ,2X ,“NXY ”,E12 • 4 ,2X ,“LAT .LOAU ”,E12 • 4/2X.”T IME
2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 3 = = = z :~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~—~~~~~~~~~~~~~~~~~~~~~~
‘.~~~~~~~~~~

_— == = == = =====:== = z~~~~~~~ ”)

2 3 0 1  FO k M A I( / / , 2 X, ” PO IN T’ , 9 X ,” PRE SSU RE” / )  
-

2 i2  F O.~~ MA 1( I 1 O, E12 . 4)  
. . . - -

E N D  
- - 

- 
- -
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SULROUTINE AAL~~A tUhL..~’\~~,NLQPO1,FNI,XNX,XFNX ,XFNY,XFNP,
• IXXPR r.S,AXPRES,M1,1.!)

JIMENSION xx p~~ sL 11,~~:),AxI’I.~t~S
(M1,H21

GO TO (1 ,2 ,3 ,4),ILOAL ]
1. XF NX XI4X

GO TO 5
2 xF N~ = x Nx

1)0 6 It=1,P€QPOT
6 AX P S (I1,1)=XF~~~~XXF~~

tS (I 1,1)
GO TO 5

3 XFNY~~X NX • 
.

• 60 10 5
4 XFNP=XNX
00 7 I1 j,NE~ POT

7 AXPRES (I1,1)-=XFNP~ XXPR~ S
(I1,1)

XFNX=FNI~~AXPRES (i,2
)

5 CONTINUE
RE T URN
END -
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FUNCTION ALJ (I, J,L,B,JP,N2,N3,N4, U..)
C • U4~ 1 FOR B (JP,14J) OR B (JP,I—JJ
C N 4 2  FOR .d (JP,J)
C L L 1  FOR A L L 2  FOR 3,C,D -

CQI4!ION/FOURI/KFOUR,K1,K2,K3,K4,K5,K6,K7,K8,K9
COMMON/F OUR2/K10,K11,K12,K13,K14,K15,KK2
0It1~ NSION li (N2,N3)
IF(L.GT.3) GO TO 10 - 

-

11=1 4 - )
1 2 1 1
~O 10 20 

-

10 I1= IA 3 S ( I — J )
12 11

20 I F ( N k . E Q . i )  60 TO 120
12=J - 

-GO TO 100 -

12J L F(t 1 .L E .K FOUR ) GO T O  100
AL3 0. -

~E1URN 
- -

100 LF (L.LE.3) GO 10 1.10 •

ETA I. -

I F I I . c M . J )  c.1A 0.
110 GO 10 (1 t,12 ,13 ,1’ .,15 , 1 6 ,2 2,2 3 ,2f,) , L
11 R1~ I1~~ 2

- GO TO I7 - •
12 R 1= J4 - 4 - 2  -GO TO 1? - 

•

13 R1=2.~~~It ~~ J 
- -

• G0 T0 17
1-’. R1= (2.—ETA )4-I1-’ 2

GO TO 17 •
15 R 1= I2 . — E TA )~~~J ’ ’2

C,O T O 17 -

16 I F ( I —J . L T . 0 ) ET A ~~~— 1.  -

R 1=— 2 .~~~E TA 4 -J 4 - I1 -

GO 10 17 
-

22 IFtI—J.LT .0)ETA=— 1.
R1=— cTA ~~I14-4-2GO 10 17

23 IF (I—J.LT.G)ET A —1. -

R1~~— ETA~ J’~~260 TO 17 - 
- 

—

24 R1=2.4- (2 .—ETA ) Ii4J
1? IF(LL.E Q .1J I2=I2~~1 

-

• ALB=i<l~~a -(JP,I2)RE T URN
E N D  -

5’l 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



- 
— C-— - -

SI~i3ROU1I~~E C JEFNN (NNN )
COMMuN/GE0M/RR ,OO,Htj,M12,H22,Qj11Ql2,~~22,D1j,D12,U22
C i1 3~J/FACTOR/C1,C2,C3 ,Ck,C5, (,6,C(,C8,C9 ,CjQ,C11,Cj2C1~~ I N N /RR
C2 C1 2 -

03 C2-”2
C4=C ..’Ct11/011 - -C 5 C ~ /(RR~ O11)
C 6 =2 .  ~O~J~ H12’C2 -

C7~~2. 4Q124C2C8~~JD 4-H2~~4-C3 - - 
-C9~~C3/(4 .~~ D11) •

C1O= tl~ 24-CJ
C11=2 .’012~~C2
C12=022~ C3 - 

- • 
- -RE T URN .

END - 
- -
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SUr~ROU1INE CO E FFLEX , EY ,XLAHO ,YLAM D,RHOX ,RHOY ,ELAS )
COMMUN/FOU~ t/KFQUR,Ki,K2,h~3,K’i,I(5,i(6,K?,s(8,K9COMSION/FOURZ/K10,Kt i ,K12,K13 ,K14,K15 ,KK2
COMMO N/GtOtl/ RR , OD,H11, til2,It22,J1-1,Q12,QU, 011,012,022
...OMMON/FACT2/OL 1,OLZ,013,0L4,OAI,L)A2,0A3,0A4,042,0b3,084,X141,EXXP
CON MON/CIFilG/Nt.C1POT,MI (500)
CQMjj0N/FIOFR/DELTA ,AL1,GAj,AL2,F~T2,OA2COtIMON/FACT3/XL,XH • - -

KK2~~2 .‘KFOURK 1 KJ- OU R e1 -

K Z K i f i  - -

K3=2. -~IcFOUR4-1 •

K4- K3f 1
K5 4 KFOUR +1 .

(6 K5 l-1 -

K7=6’KFOUR +1 
•

• (3 K1’l
(9=T’KFOUR +Z
K10 ’(9+t - -

)(11~~~~KFOUS*2<12~~(114-1K13~ 10 KF0UR+2 - 
-

K14 K 13 4 1
K15~~124-KF0URl-2XN 2 X N I -~ 4-2 - -

XH2=XH~~~2
~3ALFA (t.*XLA (1D)3 (1.’YLAt1D3—XN2
DD ELAS~ XH’4-3/(12.-’ (1.—XN2))EXXP=ELAS ’XH/I 1. • —XM2 )
H11~~1.tRHOX+12.~~EX ’2~~XLAMD’-(1.4YLAM 0—XN2)/(XH2 DALFA )
H22= 1.-fRH0Y + 1 2 . Y 2 4 Y L A M O - (1 . +X LA~iD—XN2 )/ (XH2~~DALFD~)Hi 2=1. .+l2.’XMl EX~ EY’XLAMO ’YLAM0/ (XH2’OALFA )Qi1=—XNI ZX~ XL AM3~ OAL FA
Q22 -X N I  ‘EY YLAH~ /OALFAQ 12= (  (1.+YLAMO ~ ~ EX~~X L A M D 4(1.+X LA M O )~~~~Y4YLA i1D)/(2. UALFA)
cit1=( 1 . - f X L A M D ) / ( O A L F A ~~E X X P )  - 

—

D12= ((1.+XLAMD I-~~(1.+YLAMU )—XNI )I (OALFA’ (1.—XNI) EXXP)
D22= (1.+YLAi1~J)/(CJALF44-EXXP)0L1 00’Hll
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- 0L3=-EX XLAMD’-U .+YLAMD )~~0A LFA .

DLi.=XNI~ EX XLAMD/DALFA -

OAI= (1.+YLAMD )/ (DALFA*EXXP) -

OA2=—XNI/ (DALFA~~EXXP)1143= (1 .+YLA1W EX~~XL A MD/DAL FA -

0A4=—XN I4-EY YLAIID /UALFA
032 (1.+XLAfID)/WALFA ’EXXP)
DB3 —XN I~ c~.X’ XLA IIO/DALFA
D94 L1,-PXLAMD)’EY~ YLAMD /OALFA
M I ( 1 ) ~~~~~ Z~~~~ K 15
t1l 1NE QPOT)- 2~K15 -

NeQ1=NEQ~ OT-1 -

DC 10 I1=2,NCQ I

—-I
-



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

M I(r l)=K15 
-

10 
~~~~~/(NEQPOT-1)AL1 -1./(2. L)ELTA)

~At=l./ (2. 0ELTA )
AL2 1 .1 (0ELTA ~~ 2)3T2 -2./DE4_ TA”2
-GA2= i./OELTA~~ 2RETURN -

END . 
-

I

L __ _ _ __ _ _ _  _



~~_ - SflWtfl .~~~~~~~~~~~ . -S-U .*-S~

• . , •  ~1 ~ IF~ 4 .u t4ZJ

~Uffl~OUTINE uOUNOR (~ S,8T,bG,IN,XNXX,XNXY ,LS,Mt, NJ,NAW ,NBW ,NF ,
1LN,N~~HS)CO11~ N/FQURt/KFOtJ~~,K1,K?,K3,K4 ,K5,K6,~(7,KB,K9
~UH 1ON/FOUk2/K10,K11,K1~~,ic13,K1L+,K1b,KK2
~,O,i,-I 0N/GEOM/RR ,DO,H11,H12,H22,u11,(42,Q22,Djl,Ot2,D22
COM,1ON/FACTO,~/C1,L2,C3,G4,C5,C6,C7,C8,C9,C1O,C11,C12(~O,iMON/FACT2/OL1,DL2,DL,S,OL4,OA 1,DA2 ,DA3,OA 4,dc~2,Dt33,DB4,XNI,EXXP.
C J M M O N/ P R E Si/ A W ~l(1C O , 3 ) , A W M P ( i 0 O , 3 ) , A W M P P ( 10O, 3)

• 
_ CO I IMON/PRE S2/ BWM ( 100 ,2 ) ,8W M P( 100 ,2 ) , BWMPP ( 100,Z)

CONrION/PRE S3/CF P11 100 , 4) , CFMP (109, 4) , CFMPP 1 100, 4)
COM~1ON/ PRES~./DFM (100,4),OFMP (iU0,4) ,DF11PP(1O0,4)
COMM QN/~~RES5/AWZ (1.U0,3),AWZP (1u0,3),AWZPP (1UO,3)
COMMON/?RES6/DWZ (100,Z),I3WZP (100,2),BWZPP(j.0O,2)
DIMENSION BS (M1,Ml), dT(ill,M1),8G (M1,NRHS)
A L 1
£F (LN.E~~.1)AL 0. - 

. - - - -

IF(LS.EQ.li)LS 3
- 00 1. I1 1,K15
3c,(I1,NRHS)=o. . 

. - - - . . - -

00 1 J1 1,K15 -
3S (I1,Jl) 0. -

ST (Ii ,Jl) 0.
CONTINUE 

- 
-

IF (LS.NE.iO) GO 10 100 
- - -

: 
- - - 

• - 
- -

DO 2 1i 1,K3
2 BS (I1,Ii) 1. -

dS(K~~,K3)=DL 4~~~11/Dj.t—flL1.9G (K8,NRHS)=XNXX~~AWZ P (IN,j) 
- - - -

E4 -C2/2.~~DLL.IO11 -
E5 -C2/2. -

DO 3 .J 1,KFOU.~JS=J~~~2 - 
.

J1=Jl- 1
BT (K 8,J1)=E4’JS~~AW ZP (IN,J1)31 (Kà,Kj+J~~~E4~~JS~ v3WZP (IN,J) _ 

. - I 1
d1 (~~8,K3+Jb=E5~~J3~ AW ZP (IN,Jt) 

- -  -

31 (i(i,K5*J)=E5 ~~JS4-3WZP (IN ,J) -

~ C O N T INU E - •

~ 81~~~B+t  -

1=0 - . - _ -

J~ 4 I1~~K81,K9 - • .I 1+1 -
BS (It,K 8+1) —DL I - -

3S (I1,K 1i+I)=—014 -
t3T (I1,K1-II)~~XNXY C1~~I 

/

3GCI1,NRHS)=XNXX ’AWZf’ (IN,I+1)—XNXY~ dWZ (IN,I)~~C14-IDO 5 J 1,KK2
a1 (i1,K3fJ)- 13T (It,K3+J)4E5- (ALS (I,J,2,AWZP ,IN,NJ,WAW,1,t)+

jAL d (I,J,5,.AWZP,IN,NJ,NAW,1,1 ))
eIT (I1,K54-J)=~ r (-Ii,Kt,+J)+t5-cALau,J,2,awZP,IN,NJ,Naw,1,2)+tAL~j(I,J,3,Bi4ZP,It4,UJ,NBW,1,2)15 CONTINUE

4 CONTINUE -

61 
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00 6 . 11~~K1O,K 11I~ 1’tL3S ( I t,K1# I)~~~OL1
BS (J 1 ,k~1J4I)- —OL4 -• J1(L1,I+1)~~~Xt4XY 4C1’I3G (1 1,N~~H3 )=XNXX ’3WZP (IN, I)+XNXY’C1~~I~~A WZ (IN,I41)00 7 J 1,KK2
t3T(I1,K3+J )~~oT (I1,K3+J)+E5~~(AL 3 (I,J,2,BWZP,IN,UJ,NBW,1,2)—

1ALB (I,J,~~,BW ZP,IN,NJ,NBw -,1,21 ) -

tjT (I1,K5+J)=jT (t1,K5i-J)l-t5~~(—ALD (j,J,2,AWZP,IN,NJ,NAW,1,1)+14L911,J,5,AWZP , IN,NJ,NAW,j,1 )l
7 CONTINUE
6 CONIINUE
00 8 I1~~Kti,K7 .

8 8S (I1,I1i=l.
00 9 I 1,KKZ -
BS(K 1.1+I ,Kil+I ) =082
~S (K 1~~lI,K 13+I)=DB2 -
IF (I..T.KFOUR ) 60 TO 55
-3S (K11+I,KolI)-=0B3
BS (K 1J+I,K9’-I)=033 -

55 DO 10 J 1,KFOUR -

- • 3T (K .11+I,J.1)=BTCKII4-I!J41 )+E5.-(ALe (I,J,2,AWZP,IN,NJ,NAw ,i,1).
1ALJ (L,J,5. AWZP ,IN,NJ,NAW ,1,l)) 

-RT (K 1i+I,K1+J)=B1 (k1i+I,$~j+J)+E5~
- (AL~3 (I,J,2,8WZP,IN,NJ,NdW,j,2)+1AL d (I,J,8,~~WZP, I 1,NJ,New ,i,2))

t3T LK 3+I,JI1)=UT (K134I,J+1Jl-E54- (AL6 (I,J,2,BWZP, IN,NJ,NBW,1,2)—
1ALB ( ,J,8,BWZP , IN,NJ ,NBW,1,2) - _
3T (<_3+I,K14J)=BT (K1~ +I,K1*J)+t~54- (—ALB (I,J,f,AWZP,IN,NJ,NAW ,1,1)+

1AL 3(I ,j,5,AWZP , IN,NJ ,NAW ,1 ,1))
10 ~ON1INUE . -

9 CONTINUE
R E T U R N

100 IF tLS .NE.9)  GO 10 200
E4 :1)L1-JL4~

.
~11l 01.1

E5 0 L4 / ( R R J11)
c6 DL4~ C2/Ue. Q11)

RS( s 8 , K8 ) = E4

dS (Kd, 1) ~~ € 5 +X N X X  -

3G LKd ,Ni~HS) — X N X X ~ A W Z P ( IN,1J
00 11 J~~1,KF3UR• JS=J~~~ 2 -

J 1 = J - I - 1
BT (1,J1) ~13T It,J 1) +2. ~E64-JS’ (AL ~~AW t1(IN, Ji) +AWZ (IN, J1))
a1(t ,K1 l-J )=~~T(1 ,Kj+J)+2 . Lb~~JS- (AL #3WM(IN ,J)+BWZ( IN, J ))• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~8S(K~~,J 1F bS1K8,J1)+2.’E6 JS (AL ~ AWM(IN,J1)+AWZ (IN,J1))
5T (Kd,Jt) 8T (K8,J1)+2.~~E~~~~S~~(AL- ’AWMP (IN,j1)+AWZP (IN,J1))05 (p~ti,K1+J ) 8S 1 K8,KI+j) +2.’E64-JS~ (AL 4-BWM (IN,J) +BWZ ( I N , J ) )
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-- --- ~~~~ ~ ,±•.:~~
_ 
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- -________

EG (I(3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- •

1z3~Hhi~1lN, J) 0 W M ( I N ,J ) )
it CONTI NUE

DO U I~~1,K FOUR
11=111

• 3 T ( I1,Kb+I~~~QL1
~3T (I1,I1)=—OL2~~C 2 I~~~2 -

~3T (Il,Kl1+I)-=DL 4 
-

3T(K l+ I,K9 -l- I) 0L1 -
b T L ~(i l-I,K 1+I)= DL2 C2~~I’2
B T LK 1 + I ,K 1 3 + I ) = ULk -

~iS (K 8 4- I ,  K8+I) 0L1
0S (Ko’I,I1I —C2 l-I~~~24- (DL2+2.-~OO’- (1.—XNI ))+XNXXu S (~(8+I , K11+I) 014BT (K 6+I,X1+I) —XNXY~~I~ Ct
~GtK 8÷I,t4R-HS)=—XNXX~~AW ZP (1N,11)+XNXy4-j-~C1’BWZ(IN,I) 

- -

BS (K9+I,K9+I) 0t.1 - -

0S (K94-I,K1+I) —G2~~I~~’24-(OL2+2.~~DD’(1.—XNI))+XNXX
35( i ( 9l -I ,K 1 3 + I )= QL4 - 

•  

. . 

-

i T ( ~< 3 +I , I 1 1 = X N X Y ~~C1’I - -

t~G (~(94I ,NRHS) — XNXX ~~BWZP (IN, I) —Xt-4XY~ C1 I’AWZ (IN,I1)
12 tON1 INUE

DO 13 1 1,KK2 -

BT (K3 t1,K3+I) 1. - 
. . -

- DSIK11- 4-I,K34I)- 1. -

3T (K5+I,K5+I) 1.
BS (K 13+I,K5f1) 1.  -

13 CONTINUE 
-

RETURN
2 00 DO 14 I1 1,l(3 -

11. dT (I1,I13 1.
IF (IS.Lt.k) GO 10 300 

-  -

F .~= o
DO 15 11 K8,K11 - .

J J*1 - -

15 ~S( l 1 , J ) = 1 .  - - _  

•

GC TO 4 00 • -

300 E3 T 1 K 3 , K 8 ) 1. -
00 16 I=1,s~FOU R - - -

11=1 +1 
- . . 

•
3T (K8+I,K8+I)~~OLj31 (K34- I ,K11+f l~~dI_ 4
3T (K~~+I,K9’I) DLi  •  -

BT (K 9tI,K13+I)=D~ 4 
-

IF(LS.EQ.1.OR.LS.EQ. -3 ) GO TO 1.6
iT ( K 8t I , K3 + I ) = — D L 34 - I 4 -~~2 C 2
PT (K 9+I 1K5*I) — 0L3 1 ’2 C2

16 CONIINUt -   
- 

-

4 0 0  E..=—C2/2.
00 40 1 1,KK2 - ‘

IS=I’~~2- 
11 I+1  •

GO Tu (21,22,23,2Li,25,26,27,28),LS

9-

63



21 US (p~3+I, K 3 + t  )=1.
US (K~~+I,K5+II 1.
13T (-4(11+1, K 34-I) 1.
DT ((1 i+1,K5+I )=i . -

GO TO 4J
22 LiS (K3 41 ,K S+ I)= 1.

u S( K 5+ I , K 5+ I ) 1.

DS (K 3.1+I,Ki1fI) D82
- 1S1K 13+I , i ( 1~~+I J D82 -£ F ( I . G T . K F O U r ( ) GO 10 41 

-

35(K11+I,K8.-I)=D33
iS (K1J+I,K9’I)- 083
US (K 11-4-I,I+1)=—O34~~IS~ C2+1./RRBS (<13+I,K14I) —034 1S4-C2+i./RR
3S (K1t+I,i) 2.’E4’IS’AWZIIN,I1)+8S (K11+I,1)
BS (K134-I,1) S (K13+I,1)42. E4~~IS~ CWZ (IN,I)41 00 42 J 1,KFOUR
J I J + 1
dS (Ki1+I,J1)=BS (K11+I,Ji)+Ek9- (ALB(I,J,1,AWZ, IN ,NJ ,NAW,1,1)+
141B (I,J,4,AWZ,IN ,~~J,NAW, 1, i)IOS (ic lll-I,K1+J)=35 (K11+I,K1+J)tE4’-(ALB (I,J,1,BWZ,IN,NJ,NBW,1,2)+
1AL €UI ,J,7,BWZ,IN,NJ,NBW,1,2))
oS(4(j.)+I,K1+J~ =BS (K 134I,K1 +J)+E4- (—ALB (I,J,1,AWZ,IN ,NJ ,N4W,1,1)+
1ALO (I,J,k,A r~Z,IN ,NJ,NAW,j,1))tiS(K 1. 4-I,J1)-=0S (K13tI 1J1)+E4~~(ALB(I,J,1,8WZ,IN,NJ,NBW,1.,2)—IALD (I,J,7,OWZ,IN,NJ,NtSW ,1,2))

- 42 C ON T I N U E  - - . . 
-

GO TO 40
23 BT (K 3*I,K11+I) 082

31 (Kb+I , K13+ j) UB2
IF (I.uT .KFOUR) GO TO 43
DT (K3 +I ,K8-4-t ) D~i3t 3 T ( s~5+I,K9+I) 033 -

4~ 
t,1(i(11fI,K3l-I) 1.
3T (4(13*- I ,K5#I)~~i.

• ~O TO 40
24 BT (K3 +I,K11+I)- 0B2

3T (K5+I,K13+I) D32
31 (K.S+I,K3+I)- —DA 24-IS~ C2
3T (K~~i-I,K~ +I)=—OA2~~IS~ C2
BS (4(1i+I,K~~+I) —IS~ C2’1DA2 +2./((1.-XNI) EXXP))
BS (K 11+I,K114-I) D32 . -
BS (K1 3+I,K5+I) —I S~ C2~~(DA2 +2./((1.—XNI )~~EXXP))3S (K134- I ,K13+I) 082
IF (I.GT.KFOUR) GO TO 4~.8T (K3+I,4(8+I)=033 

_ 
-

31(K5+I,K94I) 033
BS (K11+I,K8+I) 033
US (K 11+I,I1) -DB4~~IS~ C2+1./RR8S (K13+I,K9+I)- 083
aS(Kl~~+r,K1+I).=—Od L+~~IS~ C2+1./RR35 (K11*I,1)- dS (K11+I,1)+2.’E4-’IS’AWZ (IN,It)
i3S1K 134I,1) 3S (K13+I,1)f2.~~Ek~~IS~ dHZ (IN,I)

4-
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_ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

44 30 45 J 1,KF3UR
J t J 41

1j+I,J1).zdS (~(i1+I,J1)+(4 (ALt,U,J,1,AWZ,Ii’~,NJ,NAW ,1,1 )+1ALU (I,J, 4 ,  AWZ , IN,NJ,NAW, 1, 1))
JS 1,~11+I,hc1+j)=DS (K1j+I,Kt+J)+E4’ (ALd (I,J,1,BWZ,IN,NJ,N8W,1,2)+
14L3 (1 ,J,7,dWl,IN,NJ,NBW,1,2))
dS (K13+I,~¼ 1 +J) 8S (K13+I,K1+J)+E4’ (—AL8 (I,J,t,AWL ,IN,NJ,NAW,1,1)f —

tALk5 (I,J,4,AWZ,IN,NJ,NAW,1,j))
iS (K 13+I,J1)=35 (K13+I,Jt)+E4’(ALB (I,J,1,BWZ,IN,NJ,NBW ,1,2)—

1ALOtI,J,7,bWZ,IN,NJ,NBW,1,2))
45 CONTINUE -

GO TO ‘+0
25 3S (K3+I,K3+I) 1. - 

.
3S (4 (5+I,K5+I)-~1.L~1(K i1+I,K3+I) 1. •
BT (K13+1,K5+I) 1.
GO TO 40 -

26 BS (4 (3G1,K3+I)1. -

9S (<5+I,K5+I)~~1. - 
- 

-

~3S (K11l-I,K11fI) OB2
3S(K13 G1,K 13+I) 032

— IFII.GT .KFOUR) GO TO 40
35 (K11+I,K8+I)=3a3

— dS (K13+I,K9II)-~ Di33
- G0 10 40
21 t.sT (K311,K3+I) 1.

dT (K5+I,K5f I)~~1. -
3T (4(11+1,4(11+1) 0B2
~3T (4(13+1 ,K134-I) =082IF (I.~pT.KFOUR ) GO TO 40
BT (4(11+1,4(8l-1) ~ l)B3BT (K13’I,K 9+I) 033 

- - -

GO TO 40
28 BT (K~~l-t,K 11lI)=DB2 

-

~3T (KS4I,K13+I)- 032
-31 (KJ+I, K3+I)~~— 3A2~~IS~ C2F dT (K5+I,K5 1-I)=-OA2 IS’C2
~S (K11+I,K3+I)~~— IS C2~~(DA2+2./((1.—XNI)~~EXXP))

F 3S4 (.1.I,K11 .IJ-=oi32
JS (4 (1,S+I,K5+I)=—IS’-024- (DA2+2./ ((1.—XN I)EXXP))
iS (K 13+I ,K13+I)~~ 3132
IF (I .GT.KFOUR ) GO TO 40
J T (r(S+ I ,K8+ I) 033 -

_ - - -

3T1K5+I,K 9+II~~D33- 
•JSI K L1 + I ,K8-II )- 033
OS (K13.I,K9+I) 0d3

40 CONTiNUE -

~(E T U ~~NEND

‘S.
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SU J R U U T I N E  RSTGIR ,S ,T ,G ,JP , X N X X 1 XNX Y, P11,NJ ,NAW ,t4 L3W, N F,LN,NRHSi
IO N/F OU~ 1/KF OUR , 4(1.,  4(2. 3, 4 (4 , , K6,K 7, K8 ,K9

CJHHJIi/FOU,~2/K1U,K 11,K12,K13,K14,K15,KK2 -

G3~110N/PRES1/4WM (1 ,3), I1P (1*~0,3),,~WMPP (100,3)..O t-I IloN/PRES2/UWH (100, 2),~3t~MP (1~~0, 2) ,DWMPP I 100,2)
CO -1~IOP~/PRES3/CFM (100,4),CFMP (100,4),GFMPP (10D,4)COMiION/ PR [Sk/DFM (t00,k),UFMP .(t uO,4),uFPIPP (iOO,4)
CO 1IMON/PRtS5/AWZ (100,3),AWZP (lciO,3),AWZPP (j00,3)

l I ON/P 5 6 / d W Z ( 1 0 0 , 2 ) , 3 W Z P ( 10 0 , 2 ) , c 8 W Z P P ( 1 0 0 , 2 )
~‘J~-~-I(JN/XXLO4UfAX~~~ES (100,3), ESXPRES (j00,2) -

CO M ~iOri /GE OM/ RR, DO, H1t,H12 ,H22,)t1,~~t2 ,Ct22 ,O11,O12,O22C0M113 UFACEO R/C 1, C2, G3 ,Ck, C5 ,L6 ,C7,08 ,C9, C1O,C1 1, G12
DI.-1ti~1SION R (M1 ,M1) ,S (Mt,t11),T (M1,f11),b(Mt,NRHS)AL 1.
IF (LN.EQ.1)AL O . - •

DO 1 I1-~1,Kt5 
- - - -

G (1t,NR -(S)-=0.
DO 1. J1 1,K15 

.

R (I1,J1) 0.
S (11,J1) 9.
1 (11,J1) 0.
C O N T i N U E  -

J1=0 • -

JO 2 t1 K8,K15
T( 1 1, I 1) 1. - 

-

J1 J1l- 1 F
R (I1,J1)~~—1. 

-

2 CONTINUE
C EQUILI3RIUM EQUATION FOR 1 0

F ~ (1,K 8)=DO~ Ht1+Q114-~~2/D11T(i,Kb )=2 .~~~1i/ (RR D11)4XNXX
• T(1,1)=1./(Rk4--’2~ D1i) -

G (1,N~~HS)~~—XNXX~~AWZPP (JP,1)+AXPRES (JP,1),E4 —C ’./2.
E 5 = — C 5 / 2 .  -

E5 02/2 .  - - -

00 3 J1 ,KFOUR -

JS=J1I~~2 - •

-41=J+1
T (1,K ~S+J ).=Tii, K3l-J)+JS~~I E 4~~(AL AW N (JP ,J1)+AW Z(JP ,J1)) 

- 

-
•

jl-E6~ AL~ CF~1(JP,J))T (j , Jj . ) = T ( 1,J 1)+JS4( E14~~(AL ~ AWM PP(JP ,J 1) +4W ZPP (JP ,J 1) )+ E5 ~~(AL~jApHi (JP,J1)+Ap4Z (JP,J1))+E69-g4L9-CFIPP (JP,J))
S(1,J1) S (1,J1)+2.~~JS’(E’+9- (AL~ AWMP (JP,Ji)+AWZP(JP,Jt))+E63AL~1CFMP (JP,J)) -

T (1,K 9+J)=T (1 ,K9+J I+JS ~~(E’. 1AL ’aWM (JP ,J)+8WZ (JP ,Jfl+E 64-AL
1OFII (JP,J)) .

T(1,K-1+J )- T (1,K1+J)+JS9-(E4~~1AL i3WHPP (JP ,J )+8WZP?(JP,J) )4-E5 (AL
l 3 W M - (JP ,J)+oWZ (JP ,J) )+E6~~AL~~0FMP P (J?,J))
S(j,4 (1,J) S(1 ,K14J)+2 . JS~~(E4~~(A L 9-BWM P(JP,J )+BWZP (JP ,J))+

1AL~~~6 3FMP (JP,J)) -

T (1 ,K11+J)=T(1 ,K1ifJ)+JS ~ E6~~1AL~~~WH(JP ,Ji )+AW Z (JP,J1))
T-L1, K 13+J )-T(1 ,K13+J) JS~ E6’-(AL’3WM (JP,J)+BWZ (JP,J)) -

4’

66

_ _ _ _ _ _



_ _ _ _  —5--

- _ _ _ _  

- -

TI1,K3+J)~~T (1,K3+J) l-JS Eb’(AL AWt1PP (JP ,J1I +AWZPP (JP,J1))
T (1 ,K5+J) 1 (1 ,K54J ) +JS~ Eb

9- (AL’ dvIMPF IJP ,J) +BWZPP (JP,J))
S(1,K3+J)=S(1,K.3-’J) +2. - ’JS~ E6 (AL A~ MP (JP,J1) +Ai’4ZP(JP,Jj))
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~G (1,NR HS) (1,NRHS )4-AL~~JS~~(Ek~~(AWM (JP,J1J ~~AWMPP (JP,JL)+
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~2 (At~M (JP,Jt) 9-2 4-UWM (JP,J) 2) +E6~ (A ~4M (JP ,J1)~~CFMPP (JP,J)t33WM (Jp,J)’OFhPP(Jp,J).2. AWMp (JP,Jt)’CFHP (JP,J)+2.~~BWMP (JP,J)44-OFMP (JP,J)-fAWMPP (JP,Jt ) CFM (JP,J)+t3WMPP (JP,J) 0F11(JP,J)))

3 CONTINUE -

C EQUILIt3RIUM EQUATIONS 1 1,2,,, KFOUR SEI A
00 4 I1=2,K1
1 11— 1
t S I~~’2IS2 IS~~~~~~~2

R (I1,I1-*- K8—1 ) O0~ H 11 - . - 

. 
- -

RI It, I1 +K1t— 1) — Qtt
T (Ij,I1 +K8—1 ) —C6~ IS +X N X X  -

T (I1,I1+K11—i) C7~~IS—1.IRRT (Ij,11)=C 8-’IS2—AL”15 (C4’-AWM (JP,1)+C5 AWH (JP,1))
IF (LN.EQ.1) GO 10 51
00 5 J=1 ,KFOUR - -

J 1J + 1
T (I1,It)=T (I1,I1)+AL~ C9 IS-~J’~~2’((AWll (JP ,J1)+2.~~AWZLJP,J1))1AWM (Jp ,Jj)+(DWMIJP,J)+2 .- EWZ (JP,J))~~i3WH (JP,J)15 C O N T I N U E  • -

51 CONTINUE - -

11 .11, I1+K 3— t )=— C 1U ~~IS2
Silt, I1+4 (1—1)~~—2 .’XNXY~~C1’IT (I1,K8)=—Ck’IS~~(AL ~ AWM (JP,I1)+AWZ (JP,It))
T(Ij,1) —C5~~IS4- (AL~ A W M (JP ,I1)+AWZ (JP,Ii))
6 1  Ii. , Nj~FiS) =— XNX X~~AW ZPPtJP, 11.

) +2.’XIlXY C1~~I~~tsWLP LJP ,I)+AXPRtS (JP,1I1)—C ’+ IS~ AL’AWM (JP, I1) AWMP P (JP, 1) —C5 IS’~AL~ AWM (JP, I1J~~AWH (JP,1JE5 C IS AW~1(JP,I1) AL
E4 C9 IS’(AL~ AWM (JP,I1 )+AWZ (JP,It))
00 6 J-=1,KFOUR 

-

JX J’- l -

JS=J~~~2
IF ILN.EQ .t ) C0 10 7
G (Ii,NRHS)=G1I1,>4RHS)+E4+JS’ (A (JP,J1)~~~2+6WM (JP ,J)’~~2)#E5 JS~j t (A W 1 ( J P ,J 1 ) + 2 .’ A W Z ( J P , J i ) ) 9 - A W M ( J P , J 1) + ( 8 W M ( J P ,J)+2 . ’I3WZ (JP ,J ) ) ’  F

2 3Wt1 (JP ,J ) )
7 T (Ij,Ji)=T (It.J1J42.~~ELs~ JS~- (AL~~AWM (JP,J 1) +AWZ (JP ,J1))

T (I1,K1-*-J)=1 (I1,K1+J)+2.~~E4 JS~~(AL’t3rdM (JP,J)l-tiWZ (JP,J ))
6 -CO N T I N U E  -

€5 C2/2.
DO 8 J 1,KK2
T (j1,K11.J)-~T (I1,K11 +J)+E6 (ALdU,J,i,AWZ ,JP,NJ ,NAW ,1,1)

14-ALB (I,J,4,AWZ,JP,NJ,N4W,1,t))
T (11,K13,J)- T (11,4(13+J)+L6’IALf3(I,J,1,BWZ,JP,NJ,N6W,t,2)

1+A L3 (I ,J,7 .,3WZ ,JP ,NJ,NDW ,1 ,2)b
S(I1,K3+J) S (I1,K)+J)+Eo’(AL 8(I,J,3,AWZP,JP,NJ ,NAW,i,1)
j,ALB (I,J,6,AWZP ,JP,NJ,NAW,1,1 ))

_ _ _ _ _ _ _ _ _ _ _
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S(I1,Kbl-J)-S (I1,K5+J )+E6 ’(ALU (j,J,3,t~WZP,JP,NJ,N0W,1,2)1+AL:1 (I,J,9,3WZP,JP,NJ,N8W,1,c~
) )

T (I 1,K~ .J )=TII1,4 (S4J)+E6~~(AL84I,J,2,AWZPP ,JP,NJ ,NAW ,1,t)
1 . 4 L 1 3( 11 J ,5 ,A WZ P P , J P,NJ , I 4 AW , 1 , 1) )

T (I 1,~(~~+J)=T (I 1,<5+J)+E6~~U~L8 (I,J,2,8WZPP,JP,NJ,NbW,1,2)il-A L i (I,J,3,~3nZPP,JP,NJ,NDW,j,2j’)IF (LN .tQ .1) GO TO 8
1 (Ij,4 (il+J)-=r (I1,K11+J )l-E6~~(AL ~3(I,J ,1,AWM ,JP,NJ ,NAW,t,1)t1ALt3 (I,J, L.,AWt4 ,JP,NJ,NAW,j,1))

II,4(13+J)= 1 (I1,Kt3-4-J) +E(~~(ALB (I,J, 1, OWM~ JP,NJ,NBW, 1, 2)l-
1A L  3 ( I ,J ,  7 ,  BW~1, JP , NJ, NBW , 1, 2) )
S(I1,K3+J)=S (It,4 (3+J)+E6~~(AL8 (I,J,3,AWMP ,JP,NJ,NAW.1,t

)4
tALB (I,j,~~, A W M P , J P , N J , NAW ,1,1)) 

-S (i 1,K~~I-J) (I1,K5 +J3+E6~~(AL 8 (I,J,3,dW~1P,JP,NJ,NBW,1,2 )+1ALt. (1,J, 9,E3W IIP,JP,NJ,NI3W,1,2 )I
T(I1,K~~l-J)=T (I1,K3+J)l-E6~- (ALB (I,J,2, AWMPP ,JP,NJ,NAW ,t,1)+
IALB (I,j,5,AWMPP,JP,NJ,NAW,t,1 ))
T (I1 ,K5*J) 1 (I1 ,K5+JI+E6 ’- (ALB(I,J ,2,tJWMPP ,JP ,NJ ,N 8W,1,2)+

- 1ALI3 (I,J,-8,BWIIPP,JP,NJ,NJW,1,2) ) -  - -

IJ1=I-’-J - -
- •

IF (IJ1.GT.KFOUR) GO 10 84] - -

T (I1,IJ1 +1)=TU1,IJ1+t3+ [6~~(ALB (I,J, 1,CFMPP,JP,NJ,NF,2,2))
T(Ii,IJ1-sK1)=T (It,IJi+K1 )+l Ô4ALB (t,J,t,tIFM?P,JP,NJ,NF,2,2)
S (I1,tJ14•t)=S (Ij,IJj+1)l-E6~ ALe (I,J,3,CFMP,JP,NJ,NF,2,2)SC Ii, IJL+K1) S ( Ii, IJ1+K1 ) +E6 ALi3 ( I,J, 3,UFMP,JP, NJ,NF,2 ,2)
T (It,IJj+K8)=T (I1,IJ1+K8)+Eb AL !3 (I,J,2,CFM,JP,NJ,NF,2,Z)
T (I 1,IJ1+K9)-~T (I1,IJ i+K9)+t6~ AL 3(I,J,2,DFM,JP,NJ,NF,2,2)

80 1J2=IAUS (I—J) -

IF (IJ2.GT.KFOUR) GO TO 90
T (I1,IJ241) T (It,IJ2f13+E&~ ALB (I,J,’+,CFl1PP,JP,NJ,NF,2,2)
S (It,IJ2 +t) S (I1,IJ~~+1)4-Eb4’ALB (I,J,6,CFMP,JP,NJ,MF,2,2)
ILI1,1J2 +K81=T (Ij,IJ2+K8)+Eo 4-AL3 (I,J,5,CFM,JP,NJ,NF,2,2)
IF ( I J2 . E Q.t i ) GO

-
T O  9 0

1(I i,IJ2+Ki) T (I1,IJ2+Ki)+Eô9-AL81I,J,7,DFMPP,JP,NJ,NF,~~,2)SC Ii, IJ2+K1) S( 11, 1J2+K1) +t6 AL3 (I,J, 9,OFMP,JP, NJ,NF,2 .2)
1(I1,Ij2+K9b=T (I1,1J2+K9)+E6-~Ai_t3 (I,J,d,OFi1,JP,NJ,NF,2,2)

90 G (1j,N<HS)=G (I1,~’~RHS)+E6~~((AL 8iI,J,1,AWf1,JP,NJ ,NAW, 1,1J+
1AL 3(I ,J,4,AWM,JP,NJ,NAW ,1,1))~~CFMPPCJP,J)4 (ALB (I,J,1,BWM,JP,NJ,N 3W
2 , 1 , 2) +A L B ( I ,J , 7 , 3W M ,J P ,NJ , NBW , 1,2 ) ) ’ D FM P P ( JP ,J )+(A L .B( I ,J ,3 ,AW I IP
3,JP,NJ-,NAW ,t,-t) 4ALB- (I,J,6,AWMP,.JP,NJ,NAW,t,1)) CFMP (JP,J)4
,(ALJ (I,J,3,3WM~~,JP,Nj,Nt3W,1,2)+ALB (I,J,9, 3WMP,JP,NJ,Nc~W,1-,.

2))
5D FMP(J P,J )+ (AL i3( I,J ,4~,AWt1P P,J P , N J , W A W , 111) +ALB( I ,J ,5 ,AW14 Pr ,JP ,NJ
6,NAW,1,i))~~C,I1 (JP,J)+ (AL8 (I,J,2,BWM~ P,JI’,NJ,N3W,t,2)_
TtA (l,J,~~, f ~P,JP,NJ,N i3W,1,2))9-DFM (JP,JI)- 8 CO14IINUE
4 CONtINUE -

C E~ U1LI dr-ZI UM EQUATIONS 1=1,2,,,, KFOUR SET- d
1 )

- 00 14 11 K2,K3 -

1 I t 1 -

111=1*1
IS=I’’2 - 

-

IS2 IS~~~2 

---~~~~~~~ - -- - -  -- -



-- -—- -~~~~~~— -~~~~~~~~~~~ —-S  ~~~--- - - -~~~~~~~ - - - -

R (  £1, K9+i) thfiHlt
i-U 11,4(13+1 I =—O 1 1.
1 (11,4(9f1)- —C6 ’-IS+XNX X
T (Ii,K1 3iI)-~C7 IS—t./RR
I ( I 1 , 4 (~’+ I ) - — C 1 0  1S2
Sl It, t11)=2.~~X N X Y ~ C 1 IT ( I 1 , K b ) =— C 4 ~~1S~~(A L~~UW M(J P , I)+~3 W Z ( J P ,I)) -

T L I 1 , 1] =— 05 ’ IS’ - (AL ’ dW PI(JP , I) +csW Z (J p ,- I) )
T ( t 1 , 1 tK 1)=C84 -j S2-C4~~IS~ J.L ’A W M R P ( J P , j )— C 5 ’ - IS ~ AL~~A W M ( J P,1)
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~13Xi~RtS (JP,I)-C4~~IS’AL’BWt-l (JP ,I)’AWMPP (JP ,13—C59-IS9-AL4-BWi1 (JP,I)~2r4~-liuiJP,tJ 

-

E4~~C9-~~IS ( A L ~~8 W M ( J P , I ) + B W i ( J P , I ) )
t5=C 9’IS~ A L t ~WM

(JP ,II
00 15 J=1,KFOUR - - 

- 
-

JS=J~-~~2J1=J +1
IFILN .EQ.1) GO TO 17 -

T (I1,K 1tI)~~T (I1,K1+I)#C9~~IS~ JS+ ((AWM (JP,J1)+2.*AWZ (JP,J1))~~ ..
1A -1ML JP ,J 1) l - ( BW4 i (JP ,J ) +2.~~8W Z (J P,J)~~~ijW M(JP ,J))

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1E5’JS4- (CA t (JP ,J1)+2 .~~A W Z (JP,J1))~~AWi1 (JP,Jt)+ (dWM (JP,J)+2 .~2 (3WZ (JP ,J) ) ~ 3 .4MI JP ,J)) -17 T (It,J1)=T (Ij,J1)+2.-~E 4~ JS~~LAL ~~AW P1CJp,J1) ~AWZ (JP,J1))
T(j1,4(1iJ)=T (I1,<1+JI’+2 .’E4~ JS’(AL~ 8wr1 (JP,J)+aWZ(JP,J))

15 CO~ITINUE
E6- C2/2. - 

- -

00 18 J~~1,KK2 - -

T~(l1,K ii+J3- T (I1,Kti+J)+E64- (AL6 (I,J,1,8WZ,JP,NJ,NBW,1,2)—
1ALaCI,J,7,BWZ,JP,NJ ,N~~W ,i,2)) -

1 (I1,K1J+J)=1 (I1,Ki3+JI+c ~~-’-t—AJ..j3II,J,1,AWZ,JP,NJ,NAW,1,1)+1A LH( I , J ,4 ,AWZ ,JP ,NJ ,NAW, 1, 1) )  • -

S (I1,4(3tJ)- S1Ii, I~3+J)+Eô’iALB (I,J,3,GWZP,JP,NJ,NUW,1,2)—1AL.E~(I,J, 9,i3WZP,J’,MJ,M.3W,1,2))
S(I1,4(5+J) S (I1, (5+J)+E64 (—ALB(I,J,3,AWZP ,JP,NJ ,NAW ,i,1)*

1 A L dL I ,J ,6 ,A W Z P , J ? ,NJ, N AW , j , i))
T (I1,~~3+J) T (I1,p (3+J)+E6’ (ALB (I,J,2,BWZPP,JP,NJ,NBW,t,2)

tAL.1~(I,J, 8,BW ZPP ,JP,NJ,N3W,1,2))- -

T (I1,K5-*-J)=T (It,K5+J)+E6~- (— AL 6 (I,J,2,AWZPP,JP,NJ,NAW ,1,1)+
1 A L B U ,J , 5, # W ZP P,J P , NJ , NA W , 1 ,i )  I

IF(LN.EQ.1) GO TO 18 -

T(I1,Ki1+J! 1(I1,K11+J)+[6~~(A L8(I ,J ,1,DW M,JP,NJ,N8W,i,2)
1AL~3(I,J,7,JW:1,JP,NJ,N6W,1,2)) - •
f (I1,1c13 +J3 * (I1,K13+J)+E6 (—A1L311,J,1,AWM,JP,NJ,NAW ,1,1) +

• 1AL L3(I ,j,-4,AWM,JP,NJ ,NAW ,1,1))
S(I1,K.,+J)=S (I1,K3+J)fE6 (ALB (1,J,3,BWMP,JP,NJ,NBW,1,2)-
IALJ (I,J,9,BWIP,JP,NJ,NBW ,t,2)) - • - -
S (I1,K5*J)=S (I1,4(5+J)4E6~~(—ALB(I,J,3,AWMP ,JP ,NJ,NAW,t ,i )4

jAL,3 (I,J,6,AWt~P,JP,NJ,NAW ,
1,t)) - - -

• I (I1,K~~.J)=T (I1,K.~+J).EE~~(ALa (1 ,J,2,I3WMPP ,JP,NJ,N3W,1,2)—1AL 8(I,J,~~,t3WMP?,JP,NJ,N3W ,1,2))T (Ii,K5 +J ).Tt I1,p~5+J)+E6~~L_AL8(I,J,2,AWMPP,JP,NJ,NAW,1,1)+
1 ALB (I,J,5,AWIIPP,JP,NJ,NAW ,1,1))

- - - -- -- --—-————------ -— - --~~~~~ -- - ---



- - 
- -

1J 1=I +J  
-

• IF (IJ1.GT .KFOUR) GO 10 81.
I’ll, IJII- K 1)=T ( II, IJ1+K1 ) tE6’A 1t3 ( I, J, 1,CFMPP, JP ,NJ,NF,2 ,2)
I Ii, J1+1)=I (I 1,IJ1+t )—L6’ALEi ( I,J,t,DFMPP,JP,NJ,NF 12,21

- 
‘ 1*. , IJ1+Ki)=S (I1,IJ1+K1)+L6’ALB (I,J,3,GF4IP,JP,NJ,Ni- ,2,2)
S 11, Ji+1 )=S (It,IJ1l-1)—t64AL6( I,J,3,DFMP,JP,t4J,NF,2,2)
I Ii, IJjfK~~)=T (tt ,IJi-* K9) +E6-’ALB (I,J,2,CFM,JP,NJ,NF,2,2)
1 Ii ,IJ1 ’K8 )=T ( I1 ,IJ1+K8 )—E6 AL 43 (I,J, 2,DFM ,JP ,NJ ,NF ,2,2)

81 L2=IAOS (I—J)
IF (IJ2.GT.KFOUR) GO TO 91
1(11, 1J2+1) =1 (1 1,1J2l-1)+E6’ALI (I ,J,-.,L)FMPP,JP,NJ,NF,2, 2)
S (I1,1J2*i)=S (I1,1J2*1)+to *ALB (I,J,5,DFMP,JP,NJ,NF ,2,2)
T (It,IJ2-IK 8)=T (11,IJ2+K8)+E6~ AL d (I,J,5,DFM,JP,NJ,NF,~~,2)IF (1J2.tQ.0) GO TO 91
T (Ii,1J2+K1)=T (I1,1J2+Ki)_E6*A1 43(I,J,7,CFMPP,JP,NJ,NF,2,2)
S C I 1 , IJ 2+ K 1 )= S( I t , IJ ~~~~+ K 1) - E6 ’ AL B ( t , J, 3 ,C FM P ,J P, NJ , N F, 2, 2)

T ( I 1 ,IJ 2+ K 9 ) = 1 (I i , IJ 2+ K 9)— t 6~~~~A L 8 ( I, J,8 , CF M , J P, N J , N F, 2, 2)

91 G (I1,NrHS) G (I1,NRHS)fE6’( (ALB (I,J,1,bWM,JP ,NJ,NBW,1,2)—
1ALBII,J,7,B4M,J P,NJ,NDW, 1,2))-9-CFMPP (JP,J)
2+ (—ALD (I,J,t,AWM,JP,NJ,NAW ,t,1)+ALU(I,J,4,AWM,JP ,NJ,NAW ,1,1))-’DFM
4PP(J~~,J)* (AL~~(I ,J,3,B~ MP,JP,NJ,NBW,j,2)—AL d (I,J,9,8WMP ,JP~ NJ,NUW ,51, 2) ) ~~FMP (JR. J~~+ (—A LB (I,J ,3 ,A vI MP ,JP,NJ,NA W , 1, 1) +AL4i (I,J,b ,AWMP ,,
5JP ,NJ,NAW ,1,1))~~DFt1P(JP,J 1+(AL b( I ,J ,~~,BW M PP,JP,NJ,NBW,1,~~) —
7ALD (I,J ,3,3Wi1P? ,JP ,NJ,NBW ,1,2))~~LFH (JP ,J)+ (~~AL 8 (I,J,2,4WI1PP ,
8JP,NJ,NAW ,1,1)IALB (I,J,5,AWMPP ,JP,NJ,NAW,1,j)) QFM (JP,J))

18 CONTINUE -

14 C O N T INUE- C CCM PAI I BIL ITY EQUATIONS I=1,2,,,2~~KFOU R - 
-

I~~000 19 L1=Kk,K5 -

I 1-i 1 -

IS=I-~-~2 - 
-

RI 11,4(11+1) 011 - 
-

T ( 11,4( 11+ 13=—Cl 1~~IS• T ( i 1,K 3-*-I ) C12’-IS~~~2 - 
-

IF I.G 1.KFOUR) GO TO 35
R ( 11,4(8*  I)- Q11
T I  j , K8- *- I) —C7’ IS# l . /RR

- - 1(I1,I+1) G1 IS~ -~2 — C 2 / 2 .’IS-~ (A L9-AW HPP(J P, 1) i
T ( I t , K o) =— C 2 / 2 .~~IS~~(A L’AW M(JP , I+ 1)42 .~~A 14Z(JP ,I+1)) - 

-G ( j i,N~ HS) =_ C 2/2.~~IS~~(A L~ AW M ( JP ,I+1)*AWMP P(JP ,1))
35 E6-=--C2/2. - 

- 
- -

E~=E6/2.00 24) J~~1,KFOUR 
-

• J1=J4• t
T (I1,K84J)-1 (I1,K8+J)+E6 (ALd (I,J,i,AWZ,JP,NJ,NA .ht,1)+

1A LiJ(I ,J, 4,AWZ ,JP,NJ,NAW, 1,1))
r (Ij,K9.J)=r(I1iK9+J)+E6~~(ALt ~(I,J,1,BwZ,JP,NJ,Naw,t,2) +

1ALF3 (I,J,7,E3WZ,J*-’,NJ,N 8W,1,~~)15111, J+i)=St 11, J+1) +i6 ~ - IALBIi,J ,3 ,AW LP ,JP, NJ,NAW , 1, 1)
— jIALti (I,J,6,AWZP ,JP,NJ,NAW,1,1)I

S (L i,K1fJ)-~S (I1,K1+J)+E6~~(AL 8(I,J,3,BWZP,JP,NJ ,N5W,i,2)*
1ALD( I,J,9, CW ZP,JP ,NJ ,N~3W,1, 2) )  -

a

70 



I (1 1,JG1) 1 (I1,Jl-11+E64 (ALb (L ,J,2,Av~ZPP,JP,NJ,NAW,1.,LI *1ALIi(I,J,5,AWZPP,JP,NJ,NAW,1,1))
I (ii, K14J)=T (I1,K1+J) +E6’ (ALB (I,J ,2,3WZPP, JP,NJ,NdW,t, 2)4

1ALu CI ,J, 8, ~4ZPP ,JP,NJ, N3W, 1,2)1IF (1N.L~~.1) GO TO 20
T (I1,K 84JI- T (11,K8GJ)+E5 (MLB (I,J,1,AWM ,JP,NJ,NAW ,1,t)+
14Li (I,J,4,AWM,J P ,NJ,NAW,1,1)) 

- -
1 (j1,K94-J) T (I1,K9+J)+E5~~(AL 8 (I,J,1,oWM,J~’,NJ,N8W,1,2)+IALtS (I,J,7, 64M,JP,NJ,NBW,1,2-)) -

S1I 1,J’1) SiI1,J+1)’E5’-iALI~II,J,3,AWMP,JP,NJ,NAW ,1,t)+
14Lb (I,J,6,-~WMP,JP,NJ,NAW,l,l)) -S(I1,K1*J)- S (I1,K1’J)+E5 (AL3 (1,J,3,bWMP,JP,NJ,N8W,l,2)+
1 A L d ( I ,J ,9 ,EW M P ,J P, NJ .NL 3W ,1 ,2 ) )  -

T (I1,J +1) 1t11,J41)+E5 (AL8 (I,J,2,AWMPP,JP,NJ,NAW,1,1) +
1A LB ( I ,J , 5 ,A W M P P , J P , N J, NA W ,1 ,1 ))  • 

- -
T (I1 ,K1+J) T(I1 ,K1+J)+E5’-(ALB (1,J ,2,BWM PP ,JP ,NJ,N9W, t, 2)I
14L3lI,J,3,3~4MPP ,JP,NJ,N8W,1,2)) -

IJ 1=I *J -

I F(IJ 1. GT .K f OU R )  GO TO 36

T ( I1 ,IJ 1 + 1 ) 1 ( I1 ,I J1+1) *E 5 ’A LS ( I,J ,l ,AW 1 IP P,J P , N J,N A W,2 , l )

I I Ii, IJ1+Kl)-=T I I1,IJ 1+K1)+E59-ALd ( I,J,1,OWMPP,JP,NJ,N3W ,2,2)
SIll, IJ1-sj)=S (Il,IJ1+1)+E5’A16(I,J,3,AW1IP ,JP,NJ,NAW,2, ii
S (Ii,IJ1’K1)=S1I1,IJl+Kl)+E5~~ALuiI,J ,3,BWMP,JP,NJ,N8W,2,2)T ( I1,IJ 1.K8)=T(11,IJ 1+K811L5*ALB( I ,J ,2 ,AWH ,JP,NJ,NAW ,2 ,1)
I( I1,IJilK9)-~T ( I i , IJ1+ r9)+E5~~AL3 ( I ,J ,2 ,3W M,JP ,NJ ,N8W ,2,2)

36 1J2 1A BS ( I— J )
IF (1J2.GT .KFOUR) GO TO 37 - -

T (I 1 ,1J2-* l )= 1 ( I 1,1J 2+1)lE5-”ALB (I ,J , 4, A WM P P,J P , N J, N AW , 2 , 1)

St It, 1J2-41 ) =S ( I 1,I J2+ 1 ) + t5~~~A LB (  I ,J , 6 ,A WM P ,  JP,NJ ,N AW , 2 ,  1)

11, IJZ-u-K8 )=T ( Ii, IJ2+K8) fE5-’ALB ( I,J,5,AWM,JP,NJ,NAW ,2 , 1)
IF (1J2.EG .u) GO 10 31
T i l l,  IJ2fK1 )=T (I1 ,IJ2+K 1)+E 5 AL8(I ,J ,7,~3W~1PP,JR,NJ ,N3W ,2,2)
S (I1,IJ2-*K1 )=S (Il,IJ2 +K1)+t5~~AL 3tI,J,9,3WMP,JP,NJ,NB~4,2,2JT(I 1,Ij2+K9)=T (I1,IJ2+Kg1+E5~~ALB (I,J,8,BWM ,JP,NJ,NBW,2,2I

37 G (j1 ,N ~~HS)= 9(I1,N~ HS) 4-E5 ( (ALB (I,J,1,AWM,JP,NJ,NAW,1,t)+
• 1AL 3 (I,J,L~,AWM ,JP,NJ ,NAW , 1,1))~~AWMP P (JP,Jl)4(ALd (I,J,1,0WM,JP,NJ,2N 6tl,t,2)+AL3 (I,J,7,0WM,JP,NJ,NaW,1,2))~~bWMPP (JP,J)+(AL8 (I,J,3,34W 1P ,JP,UJ,NAW ,1,l)IALB (I,J,6,AWMP,JP,NJ,NAW,1,1))’Ai4MP (JP,Ji)+

3 (ALJ (I,J, -
- 43,-i~W .ip,JP,NJ,N3W,1,2)4ALB (I,J,9,3WHPlJP,NJ ?N8W,1,2)) 8WMP(JP,J)+
5 (AL 3 (I,J,2,AWMPP tJP,NJ,NAH1I,1)*ALBI L,J,5,4WMPP,JP,NJ,NAW ,i,t)1’

- 6A WM (JP ,J 1)  * (4 LB( j , J ,2 ,BW MP* - ’ ,JP,NJ, N3W , 1,2) i-ALB(I,J ,3,~~W MPP,JP,
7.IJ ,NdW ,1,2) I ~E3W M(JP ,J ) )• 20  CONTINUE

- 1 9 CONTINUE -

C CO~1FATIBILITY EQUATIONS 1 1,2,,,, - ,,2~ KFOUR SET B
1=3 -

00 21 I1=K5,K7 • 
-

1=1*1 -

IS=1 -’2
R (It,K13+I) 011
T (I1,K 1J+I) —C1i~~IS -
T (It,K5+I) 012 1S’ 2 

-

‘1
~~



_ _ _ _  
_ _ _ _ _ _ _ _ _ _ _

IF (t .GT .KFO’JRI GO TO 45
• ‘-UIt ,KJ*I)- 01t -

T - (I 1 , K9+ t )~~~— G7 ’IS+t./RR

1 (It,4(1fI)=CtO~~IS~~~2—C2/2.~~IS’(AL~ 4W tiPP (JP,1)I
T (I 1,Kd)=—G2/2.~~IS~iAL9-3WM (JP,I)*2 .33WZ (JP,I))
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘+5 E6=-C~~/2 . - -
E5=E 6/2.
DO 22 J 1,KFOUR .
J t= J - *- 1
T (I 1,KB+J)=T (t1,K81-J)+E6’ (ALD(I,J ,j,BWZ,JP,NJ,N 3W,t,2)—
141 *(I,J, 7,B~iZ,JP ,NJ,NOW, 1,2))T (It,K 9+J)=T (Il,K9+J)l- Eo’-(—ALC (I,J,l,AWZ ,JP,NJ,NAW ,l,i )+
IAL d (I,J,4,AWZ,JP,NJ,NAW,1,1))
S(I1,J1)=S (Ii,J1)+E6 (ALB (I,J,3,BWZP,JP,P (J,NBW,1,2)— -
iALDLI,J,9,B~-4ZP,JP,NJ,NBW,1,2))•S(I 1,4 (t+J)~~S (Il,I~1+J)+E6~~(—4L 8 (I,J,3,AWZP,JP,NJ,N4W ,l,1)+
IALJCI,J,6,AWZP,JP ,NJ,N4W,1,l)) -

T(Il,J1)=T (I1,Jl)+L6 (AL3(1,J,2,t3WZPP,JP,~1J,N 3W,t,2)— •1A13( I,J ,8,E~4ZPP ,JP ,NJ, N d W , 1,2 ) )
T 1 I 1 ,K l +J )= T ( I l,4~~l + J) + L o ’ ( —A L t ~~(I,J ,2,AWZPP ,JP ,NJ , N A W ,t,l)+

1ALi s (I,J,5,AWZPP ,JP,NJ,NAW,1,1))
IF (L N .E Q . 1)  GO 10 22
T(I1,K 8+J) TLI1,K8+J)+E54- (ALB (I,J,1,8W11,JP,NJ,NOW,i,2)—

1ALt3 (I,J,7,8WP1,JP,NJ,NBW,l,~~
) )  -

I (I1,4 (9+J)-T (I1,K~ +J)+E5~~(—ALD (I,J,1,AWM,J?,NJ ,NAW,l,1).
1 A L-3 (I  ,J,4 ,AW M ,JP ,N J , .N A W ,i , l) )  

-
S (I1,Jl)=S(l1,Jl)+E5~~

- (-ALb(I,J ,,S,dw:1P,JP ,NJ ,NaW ,1,21—

14L3 (I,J,9,~~~~~ t P , J P ,N J , N0W,1,2)) -

S (11,-4c1+J)=S (I1,KL+J)4E,’-(—ALD (I,J,3,AWMP,JP ,NJ,NAW ,1,1)4
1AL 43 (I,J,6,A W M~ ,JP, NJ,NAW,l,l))
T (t1,J 1I=T (I1,J1)+E5~~(AL 8(I,J,2,8WMPP,JP,NJ,N 3W ,1,2)—

iALd (I,J,8,b4HPP ,J” ,NJ,N3W,1,2))
T (I 1,K1+J) 1(I1,K14J)+E5~h (_ALB (I,J,2,AWMPP,JP,NJ,NAW,1,1)+

IAL 0II,J,5 ,A4 1i’P,JP,NJ,NAW,l, i)) -

I J 1 = I-I- J-
IFIIj 1.GT.KFOUR) GO TO 46
T ( I 1 , IJl +K 1)= T (Ii , IJi+Kl )+ E5~~~A L B ( I,J , l , AW M PP ,J ? ,N J ,NAW ,2 , 1 )

T (I1,IJl41 )=1 (1l,IJ1+1)—EE,’AL b (I,J,t,8W1PP,JP,NJ,N~3W,2,2)S- (I1,IJ1+Kt)=S (I1,IJ14K1)+E5*4L9LI,J,3,AWMP,JP,NJ ,NA~~,2,1)(It,IJt +tI S (11,LJ1+l)—E5 9-AL~i (I,J,3,BWt1P,JP1NJ,N 8W,212)T (I1,IJ i+K9)=TLIt,IJ1+K9 )+E5~~AL~3II,J,2,AWM ,J*-’,NJ,NAW ,~~,1)T (Il,IJl*K 8) T1Ii,IJ1+K8 )—E5~ A L ~j(I,J,2,t3WM ,JP,NJ,NBW,2,2)
‘46 1J2~~1Ab SLI— J ) 

- -

IF (I~~2.GT.KFOUR) GO TO 47 -

TCI1,IJ2+t)=T (I1,IJ2+1)+E5 AL8(l,J,4,~~WkIPP,JP,NJ,NBW,2,2)SC II., IJ2f1)- S (I1,IJ2 +l)+E5~ AL 0-( I,J,6,BWMP,JP,NJ ,NBW,2, 2)
T ( I 1 , IJ 24K 8) = T ( I1 ,I J2+K 8 )+E 5~~~A L B ( 1 ,J ,5 , E 3W M , JF ,N J , N BW ,2  ,21
IF (1J2.EQ.0) GO 10 47

Ti l l ,  1J24K1)-=T ( 11 , 1J 2 + K1 )— L 54A L B (I ,J , 7,AWM PP , J? , NJ , N AW , 2 ,i)

SI I t ,  IJ~~~*K1) =~ 
(It, IJ2+K1)—E53ALB (I,J ,9,AWMP,JP,NJ,NA 4 12,t)

1(11, IJ2+K9)=T (Ii,IJ2+K9)—E5-4-ALB (I,J,8,AWM,JP,NJ,NAW ,~~,1)4 7  G (Il,N S)=GII1,Nq~HS)+E5~~((ALd (I,J,j,8WM,JP,NJ,NBW,1,2)~

4-

• 
-
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1AL4J(I,J,1,t,dM,JP,NJ,NI3W,1,2)) AWIIPP (JP,J1)+ (—ALB (1,J,1,AWM,JP,
2NJ,NAW , i,1).- ALJ (I,J,9,AWtl,JP ,NJ,NAW,1,t))’qWMPP (JP,J)+(ALB (I,J,
33,LwIP,JP,NJ,N3W ,i,2 )—ALb (I,J, -i, t3WrlP ,JP,1IJ,N43v1,1,21 ) 4WiIP (JP,Ji)4
4( AL - stI, J ,~~,AW F4P,JF , N J,NAW ,1,tI+AL i31I, J,6,AWMP,JP,NJ,NAW,l,1))~5~~fliPIJP,J )+IALU (I,J,2,BWMF— P,JP,NJ,NJW , 1,21—ALE3II,J,8,BWMPP,JP,
6NJ,NjW,1,2))~~AWMI J *- ,Jj )+i—ALl3 (j,J,2,MWMPP,JP .NJ,NAW,l,l)4
7AL 1~(I,J,5, AWI 1PP,JP ,NJ ,NAW,t ,l))’t3 W 1(JP,J))

22 C O N T I N U E  - -

2 1 C O N T INU E -

RE1 U i ’~N -

tND - -

~ 13
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- --~~~~~ - -5 - - —~~~~ - -~-~~~~~~~~~~~~~~~~~~~~~~ - ----~~~~~~~~
-

• SULJRO UTINE P3TSN (POT ,STRYU STRAU,SIRYG,SIRAC ,XNXX,XNXY )
C S T R YU U N IT LPID SHORTENING U ~OR Y 0 - .
LSTRAU AVL R AGE UNIT (NJ SHORTENING U
C S1’~Y G UNiT :Nt) _ H O R T U I I N G  GAMA FOR Y C .
L ST RAG A~1Lt~A G E E~1O SHthUENING GAlA

C0~1MCN/FOkJ t’~i/KF0UR,r~L,K2,K 3,K4,K5,K6,K7,K8,K9
CO t IM O N/F O UR2/K 1 0 , 4 ( 1 1,K 1 2 ,K 1 3 ,Kl ’4 ,K t 5 ,K K 2
C J M F IJ N/G tO M/R R ,03,H11,H12,H22,011,Ql2,Q22,01t ,L)12,022

COMM.~I4/FA (.,13R/C1,1,c.,C3,C4,C5,Co,C7,Gd,C9,C10,C11,C12CO 1ON/FACT2/DL1,DL2,DL3,DLk,0A1,DA2,DA3,DA4,DI32,O~i3,D84,XNI, tXXPCCMMU N/CINTG/NE~~POT,MI 1500)C3M IIIJN/F1DFR/O(LTA,AL I,GA I,AL2, 312,G42
COf- IMON/ FAC 13~’XL ,XH
COA~1Ol4/PkE S l/ AW M ( 1 0 3 ,3 ) ,A WM P ( 1 O J ,3 ) , AW M P P (l00,3)

COMt1ON/PRES2/0W~1 (10C,2),RWMP (1U0,2),UW;1PP(100,Z)COMMJN/P R ES3/C F4$ ( 100,4) ,C FM P( 1L IO ,4 ) ,CFHPP(100,k)
- COMMON/PRES4/OFM (100,Le),DIIIP (100,4),OFMPP (100,’+)
c0-UiO1I/ ES5/AWZ(100,3),AWZP (t00,3),AWZPP (tOO,J)
C0t1 t N/t’~ ES5/8WZ (lC0,2),BWZP (1&0,2),BWZPP (10~~,23

— COM.ION/XXLOAU/AXPRES (100,3),BXPRtS (i00,2)
P O T = 0 .
ST~~YU=0.

• 3T~~AU =0 .  -

ST Y G- ~0.
ST’~AG~~0. -

00 it) Il 1,NEQPOT
E7 t. -

I F( I 1 . L Q . 1 .OR .  I1.L~~.NE~~POT ) L? = O . S
£ l _ ~~1iVAWNPP (I1,1)—AWM (I1,1)/RR
E2 0.
00 11 J 1,KFOUR 

- 
-JS=J~~~~ 2 -

J1=J+ 1 - F
E2=E2 +JS4-( (AWMI11,J1)+2 .+AWZ (I1,Jt ))*AWM (Ii,J1)+ (BWM (I1,J)+

F - 12. 8r lZ ( l1,J) i’8W ~1( It ,J))
11 CO NTINUE - 

-

E 1=E1+C2/l+.-’E2 
- -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~11) AX P~<ESCI1 ,1)E2=—DA2/Dj1~ Ej—OA 3-’AWMPP (Il,1)
PSYU E2
?SAU=E2 ,0.5~~A WM P ( I j , 1)~~~( A Wf iP (I1 ,t)+2 . 1AW ZP ( I l,1))

- - -  40.

EJ=0.
00 13 J1 1,K1
430 18 J2~~1,K1 - 

-

C1 E1,AWMP (I1,Jt) (AWMP (Il,J2)+2. ’AWZP(I1,J2))
IF(J1’.EQ.Kt) GO 10 19 - •

E2=E21-J1 C1 DW MI I I,J1 )’AWZP( I1 ,J2)
1.3 LF(J2.IQ.K1J GO 70 18

E3=t~3 .AWMP (I1,Ji) 9-J2’Ci tbW ~1 (I1,J2 )*8WZ (It ,J2)1
15 CON TINUE - 

-

4-
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-:: ‘ -
~~~ i~~~’-~~ 

• ----——•-—

PSYU SYU+E1/2.
P SYG E 2 + E ~3
E1=O .
E2~~9.E3 0. -

c ’+=0. -

~5=0.
~z s = 0 .

~9=U .
i l O = 0 .  -

00 20 J=j,KFOUR
J1=J+ 1 -

JS =J~~~2
JS2=JS9-~~2 

-

El ElfJS (AWM (I1,JlJ -~2+bWK (It,J )-~~21E2=E2 +AWMPP (I1,Jl)442+OWt*’f (I1,J)*~ 2 - -

E3=E3’JS~~(A I4~1(I1,J 1)9-AWHPR (I1,J1)lE~WM (I1,J)-~BWI1PP(I1,J))E+=E.*JS4- (AWh?LI1,J1 )’~ 2+CWMP (I1,J)-’—~2) - 
- -  -

E5=t5+AXPi- (ES (I1,J1)9-AWM (I1,J1)+8XPRES (I1,J)~~BWM (I1,J) • -t6=Eb-IJS~ AWM (It,J1)
E8~ Ed+AWMPP (I1,Jt ) -

E9= 9 i A W M P ( I 1 , J l ) ’ - ( A W M P ( I 1 , J 1) . 2 . ~~ A w Z P ( I l ,J l ) ) ÷ B W ; 1P (I l,J ) ’- I
t8W;1P (11,J)*2.*k~WZP (I1,J))E1J=E 10+J4- (AWNP (11,J1)+(,3WM(I1,J)+BWZ (I1,JI)+BWM (Il,J)*AWZP (I1,Jt
l)—L3Wi:P (I1,JJ ~(AW;1 (Il,J1) -+AWZ (I1,J1))—AWM (I1,J11~~8WZP (I1,JI)20 CONTINUE

PE 1~ PE1 +C3~~00~ H22/2 . * E1+UL19-E2/2 . _ Ca + DL2*E3+(1. _ X N I )4 O O C2* Ek_ E 5
PSYU f’SYU+OA4 ’G2~~E6—DA3~ E8 

-

PSAU PSAU +E9/4.
P S6 G C1~~E 10 • 

-

E1 0.
(2=3.
E3 0. -

E5~~0. - -

E6 0. •

E80.
130 21 J 1,KK2
J S J ~~42 -

JS 2=JS~~~2
£l=E1+JS (CFM(I 1,J3~~’2t DFM( I1,J)9- 2) -

E2= +cFMPP(I1,J)~~4-2+oFt1PP (Ii,J)9-9-2 
-

E3=E3*JS 9- LCF1( I 1,J 34 -C FPIPPLI1 ,J )+C) FM( 11 ,J ) * (JEM PP( I i ,J ) )
E4 L..+JS~~(CFNP ( I1,J)~~~2f DFt~P( I1,J)+v2 )
E 5~~~~.JS’CF 1(I1,J~ 

- 
-t c - ~c o + L F h P P ( I1,J) -

~~~~~~*J D F MP ( I 1 ,J)  -

z i  t ;oH1~~NuE - - 
-

. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~VU -~ ~U*C2’OAl~ E5-DA2*E6J~~,*,:P •Lt~ 2./(1i. —XNI )’EXXP )~~E8POT, ‘3! •?~~1’jT

‘~1 
~~~

-

- 5 --- -
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ST rCYU = S IkYU+PSY U 4E 7
• • ST~~A U=STRAU *PSAU’E1STRY3= Tc~YGtPSYG’E7ST-~A G SI R A G + P S A G ~~~7

1.0 CONTINUE
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ST~~AU =DA I’XNXX 4-STkAU”OELTA/XL.STR YG=2.~~XNXY/ (’t .-XNI)~~EXXP)—STRY~~~0ELTA/XLSTRAG 2.9-XNXY / ( (l.-XNI)~~c .XXP )—STRAG~~0EL1A/ (2.~~X1)POI 3.14t59 r~R~~(P 0T’DELTA+XL (022~~XNXX 2l-2./((i. XN1)~~EXXP)1XNXY ‘2—2. ~STRAU’X NXX — 2 . ~STRAG’XNXY) I
P~~E T U R N
END • -
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SUUc3 U TIN E AJCG (IEQ ,M1 ,Cf,6F ,AF ,GF,NRH S,XNXX ,XNXY,LN ,NJ ,144W,
1N3~’i, NF)

~~ -1~1ON/ DOUND/ LS1,LSN
CO1:1 / r I J F ~~/ D E L T 4 , A 1t , G A 1 , 4 L 2 , a T 2 , 6 A 2
,OMNUN/FOUF~j’KFOUR,K i,K2,K3 tK4,4 (5,Kô,4(7,K8,K9
CO 1MON/FOUr~2IK10,K 1t,K12,kl.~,K1’4,K15,KK2CONMON/C1Nfl/NEQPOT,MI (500 ) -
OIIIhNSION AF (M1.;l1),BF (r11,M1) ,CF (M1,rllI,GF (H1,NRNSI

C IS1 K IND OF BOUNDARY CONDITION OF POINT 1
C LS N KIti’J OF UOUNJARY CONDITION OF POINT NP
C N A W  ~1A X 1~1UM < ‘1 FOR DIMENSION OF A
C NBW iIA XI M UM K FOR DIMENSION OF b -
C ~4F 1-tAXIM UM Z’K FOR DIMEI4SION OF C AND 0

IF(I~~Q.GT.1) GO 10 10 •

CALL i~STG (3F,CF,AF,GF,1,XNXX ,XNXY ,Ml,NJ ,NAW ,N3W ,NF,LN, NRHSI - -

110 2 11=1,4(15 - - 
- -

GF (I1+Ki5,NRHS)~~GF (Ii,NRHS)DO 2 JUI,K15 •

- - JF (I1+4 (i5,J13 4j.2’BF (I1,J1I+AL1-’GF(Ii,J1) 
-

uF (I1+K15,Ji+K15)~~~T2’BF (I1,Jt)+Af (I1,J1)JF (It,Jl*K 15) 6A2’GF (ti,Jt3+GAI ’GF (ti,Ji)
2 CONTINUE

CALL BOUND,~(AF,CF,GF,1,XNXX, XNXY,LS1,M1,NJ ,NAW , N8W,NF,LN,NRHS)30 3 11=1,4 (15
30 3 J1=1 ,K 15 -

JFL II,J 1 ) AL I A F (Ii,JiJ
AF (It +4 (15,JIl dFiIl ,J1+g151
BF (Il,Jtf4(151=CF (Ii,J1) 

--

AF (I1 ,J1) G4l~ .AF (I1,J1J -

3 CONTINUE -

RETURN - -

10 IF (1E-D.GT.2) GO TO 20 - 
-

CALL RSIG~~AF ,CF ,E3F,GF, 2,XNXX,XNXY ,Mi,NJ,NAW ,N BW ,NF ,LN ,NRHS )
DO -k 11=1,4 (15
00 4 J1=1,K15 -

-3F(I1-,Ji)=t~F (I1,Ji)f 3T2’AFII1,J1)• CF (I1,J1fK15) A12*AF (I1,J1)fuLl CF (11,J1)
4F (It,Jl)- GA 2~ AF CIl,Jl )4-GA 19-CFII1.,J1)
CF( I1,J1) 0. -

4 CONTINUE -
RE TURN

20 IF (I~~Q .GE.NEQPOT-1 ) GO TO 30 -

JP IE Q
GALL R STG (AF,CF ,dF ,GF,JP ,X N X X ,X1’IXY ,M 1,NJ ,NAW ,N I3W ,NF,LN ,N RHS )

• 00 5 11 1,Kt5 -

00 5 Jl=1,4 (15
~F (I1,J1)-= 3F (I1,J1)+8T2’AF (It,Jt)
TENP GA2’AF (I1,J1I4-GAI’CF (I1,J11
CF (It,J1)=AL2’AF (I1,J1)fAL14CF (I1,J1)
AF(I1,JlJ=IEMP -

5 CO ’4TINUE —

RET(FCN
30 IFLIEO .EQ.NEQPOT) GO TO ‘.0 •

‘-7 -7

-- -- — - — - ____ _______ •___ _L__ _ 
—5- ---- ____ _ •__ _•___ _ • _________s____-•--_& -- - -5 - - ---- - -~~



—

JP2 Iz0
• CALL RSTG (AF ,CF ,BF,GF,JP,XCIXX, XNxY,Ml,NJ,NAW ,N 3W,NF,LN,NRHS)00 ‘6 I1 1,Kt5
DO 6 J1 1,K15
•BF (I1,J1) t3F (I1,Jt)+012’AFIIl,Jl)
IEMP=GA2 ’AF (Il,Jl)+GAl-’CF (It,Jl)
CF (11,J 1)=4L2’AF (Il,Jlll-ALl’CF (Il,Jl)
AF (It ,J1)- TEMP
AF (Ii,J1+K15) 0. 

-

6 CONTINUE -

RETURN - 
- -- - 

-

40 JP=IEU
CALL RSTG (AF,CF ,L3F,GF,JP,X N X X ,X N X Y ,M1,NJ,PIAW ,NBW ,NF,LN,NRHS)
00 7 Il=1,K15
GF (I1+K15,NRHS ) GF (Ii,NRHS)
DO 7 J1=1,K15 

- - - - - - -

i3F (I1,J1) dFtI1,J1)+8T2’AF (I1,Ji) -
JF(I1,Jt+K15) GA 29-AF (I1,J1)+GA1 ,F(I1,Jl)
3F (I1+K15,J1)=AL2’AF (It,Jl)+ALI’CF (Il,Jt) -

F CONTINUE - 
- 

- -

CALL 3CUNrJRWF,AF,GF,JP,XNXX ,XNXY, LSN,M1, NJ,NAW ,NBW,NF ,LN ,NRHS)
30 8 I1 1,K15 - -

IEMP=GF I £1 ,NRI-IS)
GF (I1,I’~RHS)=-, F CIl l -K t5 ,N R H S )  

- - -

GF (It+Kt5,NRHS ) =IEMP
00 8 J1 1,K15 - 

- 

- 
- -

iiF (I1+K15,J1+K15) GA1’CF (Il,Jl)
CF (It+K15,J1)=AL1’GF (I1,J1I 

- - - -

CF(I1,J1)=BF (I1+K15,J1) •
BF (I1-.Kt5,Jl)=AF (I1,J1) - 

-

8 CONT INUE -

RETURN 
- - - - - - - - -

EN •IJ
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SUE3R3UTINE INVERT (NA,A ,C,N,N l11,NM2,O€T ,IXP,IDET)
DIME NSION A (NM1,N11),C (Nt12),M(NM2)
DET=1.
IX iJ= 0
NN=NA
IF (NN.NE.1) bO TO 303
UEI A (1,1)
A (1,1)=1./A(i,1)
GO TO 304

3C3 DO 9~ I=1,NN - 
•

90 l1 (I)- —I
DO 1L10 I1 1,NN
0=0.00
DO 112 K=t,NN -

IFCM (K)) 100,100,112 - - 

-

100 00 110 L=1,NN - 
-

IF (t-UL)) 133,103,110
133 IF (AbS(o)—ADS(A K,LI)) 1.05, 105,110
135L0 L - . -

KO=K

8IGA=J
110 CONTINUE - - -112 C O N T I N U E  - 

- - 

- - 
- -

IF (D .EQ.0 .D0) GO TO 170

GO TO 138 -

110 WRITE (6,502) 5 
-

STOP --- - - -

502 FORMAT (/,5X,”OEI€RMINANT=U ’/)
188 NEtIP=-M(LD ) - -

; 4 (LOJ =M (KD I
M (KD),=NEMP 

-

(30 114 I 1,NN
C (I)=A (I,LO)
A tI,LD) A (I,KD)

11’. A (I,KD) 0.O0 -

A (KD,KO) 1.00
• 00 115 J-=1,NN

115 A ( KD ,J ) A ( KO ,J ) / 0
00 135 I=1,NN 

- -

IF (I.EO.K0) GO TO 135
DO 134 J 1,NN
1E41P C (I)-’A (KD, J)

134- All ,J)=A (I,J)—TEMP
135 CONTINUE

IF(IOET.NE.1) GO TO 140
DET JET’BIGA
IF (KO.NE .LD)DET=—D (T

629 IF (A~iS (0ET).LT.1.E+1G) GO 10 630
DET DET / 1.E+tO
IXP IXP’10
GO TO 629 - - •

- 
630 IF IA BS( DET) .GT . 1 .E—10 )  GO TO 1 4 0  -

~Tc~ 

T:-i_~ ~~~~~~~ -~~~~~~~~~ • - - -~~~--—• •- -



F 
- 

~~~~-~~ c - • ~~~ -~~~
---- ---

~~~~~~
- —-—— - ------—-- ---- — - -• ----5 -- r

DET DLI-’l.L.-lO
- IX P :IXP—10

14u C04 TIN U E
00 2 0 0 I~~1 , N N

* 1=0
150 L~~~+t 

-

IF (rl (L)—I) 150,160,150 -

160 P (L)=M (I) -

00 200 J 1,NN
-- TEMP A ( L ,J )  • -

A tL,J )=A (I,J)
200 A (I,J)=IEIIP
304 RETURN - •END -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



SU~3ROU1INE YMY (N1,A,13,C,N2,L1,12,LJ,T)
DIl1~~~SION A (L1,12),B(L1,L1),CLL1,L2),T (L3)
IF (N2.c~~.1) GO TO tOO -

DO 11. 1 1,N1
130 tO J 1,N2 -

TEJ1? 0. -

DO 20 K 1,N1 -

20 TEIP=TEIP+!3t1,K)
10 1(J) TEMP -

DO 3U J l,M2 - 
-

30 A (I,J) T (J) -

it  C O N T I N U E  - •

R E T U R N
lO t) 00 111 I 1,N1

TE M~~~0. . - -
00 120 K 1,N1

120 TE~1P TtMP*9(I,KI’G(1(,1I
111 Tt I )=TEMP

DO 130 1 i,N 1 - -  - - -

130 A (I,i) TII)
R E T U R N  

-

END - -

s~l 

---c 

-



r ---c—

SUIJROUTINE YSYMYIIl 2 tNl,A ,D,C,O,N3,LI,L2,L3,L4,I-1 -
DIMENSION A (L1,L3),tS (L1,L3J,C (Lt,12),01L2,LJ),T(L’4)

— IF (N3.EO.1) GO TO 100
DO 11 1 1,Nl -

00 1u J=1,t43 -

IEHP=0. -

00 2C~ K 1,N2
20 TEsIP TEMP+C (I,K)’0(K,J)
10 T (J) 1i (i,J)-TEMP

00 30 ~J=1,N3.30 A (I,J) T (JI
11 CONTINUE -  -

RETURN -

100 00 111 I=1,N1
TEtIP=O.
00 120 K 1,N2  

- 
-

120 TE,IP TEMP+C (I,K)’D (K,l)
111 T(I) 611,1)—IEMP -

00 130 I 1,M1  - - -

130 A Ii,1) T(I) - -

RETUR N
- 

ENO - - 
-

-- - . —- - -- - — -- . - -- —  -- --—-5- - -— --5 --——---~~- —- -- -5 -— ~~~•
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SUI~ROUTINE XRLADINJ,A ,L1,L2,tll, 112 ,INO,M3,VVI
COM t-ION/COISK/121(501),122 (SO1)
DIMENSION A (tll,M2),VV(M3)

C RECO R D I N D  OF DIRECT ACCESS DATA SET NO IS READ AND ALLO CATED
C •JY ROWS INTO L1’12 PORTION OF MATRIX A

L3 L1’L2 -

CALL FEAUMS (MO ,V~~,L3,IND) - - - -

K L 0  -

00 lii NROkfrl,L1 -

30 10 NCOL 1,L2
KL KL+1 - 

-

4(NROW ,NCOL )-VV (KL ) -

10 C O N T I N U E
R E T U R N  • -

END •   - - -

____________________ •

-

~~~~~ •~~~~~~ •~~~~~~~~~~~~~~~~~~~~ .



- ~~
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-—

~~ 

—

~~~

-c 
-
_ _ _ _

SUEJROU1INE XWRITE (ND,A,L1,12,M1,112,IND,M3,VV)
* CO 1~1ON/C01SK/I2115Jl) ,122 (bOl)O IMENSION A t t i 1,M 2 ) ,V V ( M 3 )

C L1 L2 PORTION OF MAIPI X A IS WRITTEN , bY ROWS ON DIRE (1 ACCESS
C D A T A  S~E 1 NO IN RECO~ O I N D

K 1 0
00 13 NROW-=1,L1 - - -

00 10 NCOL l,L2 - 
-

KL KL +1 -

VV (KL )-4 (NROW ,NCOL ) 
-

10 CO.’~T I N U E  - - 
,

CALL WR I IMS (ND,VV,KL ,1NE3,—1) -

RE1U ~ N
ENt) -

- - - _
~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SUJK UU ILUE k’OEE~~s (IoET ,u,<HS,MAx tl,AP,~~P,CP,GP1a’R,XP,C,NT,T1,1 V 1,1AX2,IXPM ,DETM,XNXX ,XNXY ,LN ,NJ ,NAW ,NI3W,Np-)
C MAX 2= t-~AX N ’MAX N 

-

COMhO N/CINTG/NEQPOT,tl I (500) - 
-

C O M~~~N/CUISK/I21 (501),I22 (5Oi)3IM:~~sIoN AP (MAX N,MAXN ) ,Br’(i’IAXN,MAXN) ,CP (MAXN,iIAXN )
O ItIThSI3N P~~IMAXN,MAXN ),GP (MAXN,NRHS),XP (MAXN ,NRHS)
3IMEI4SION TI IMAXN ),C (MAXN ).MTUIAXN ),1-1IMAX2)

C EQUIVALENCE (AP(1,1),V1(1))
IXPM= 0
DETtI=1. -

DO 103 I-~1,NEQPO1CALL A bCG (I,IIAXN ,CP ,BP,AP,GP ,NRHS ,XNXX ,XNXY,LN ,NJ,NAW , NBW ,NF)
N=t1I (I) -
IF (I.EQ~ l) GO TO 888 • - - • 

- 
-

NMIN1=MI (I— i ) - - •

888 F (I.cQ .NECPOT) GO TO 999
~PLUS1 M I(I+1) -

‘399 CONTINUE - 
- 

-

IF(I.~~Q.1) GO 10 12 
- - - - -

GALL YSYMY (NMINj,N,BP ,~~P,CP,PR,N,MAXN,MAXN,MAXN,HAXN ,Tl)12 CALL INV~~RT (N,~~P,C,MT, MA XN,IIAXN,DET,IXP,IOU)IF (IOET- .NE.t) G O TO 640
- DEI?I UET’DETM - 

- -

IXPM IXP-+IXPM -

IFIA bS (OETM ).LT.1.E-I-l0) GO TO 630
L)ET 1=DcTM/1.EI1O
IX PM IXPM+10 --  -

~O TO 64 0 -

630 IF(A ~~S ( 3 E T M ) . G T . 1 . E— i 0 )  GO TO 6 1+0
PETt1~~OETM’ 1. E’- i0
IXP M= IXP M— 1O - - - 

*

640 C O N T I N U E
IF(I.EQ .NEQPOT) GO TO 102
CALL YMY (N,PR,BP,AP,NPLUSI,M4XN,MAXN ,1I4XN,Tl) -

CALL XWRITE (21, PR,N,NPLUS1 ,MAXN,MAXN,I,MAX 2,V1)
102 IF(I.tO.1) GO 10 32

C A L L  Y S YM f lN M IN 1 , N , X P,G P , C P,X P ,N R H S ,M A X N , M AX N ,N R~~S ,MA X N ,T1 )

CALL YrY (N,X~-’,8P,XP ,NRHS,hAXN,N~ F4S,MAXN ,T1)
O TO 42

32 CA~..L Y MY (M, XP ,BP ,GP,N RHS,MAXN, NRHS , MAX N , T 1)
42 CALL XWRI T~~(22 , XP,N,NRHS,MAXN ,NRHS,I,MAXN,T1)100 CONTINUE - -

,IE Q?OT r’4EQPOT—1 -

- DO ~O 3 K=1,MEQ?OT
N K N E O ~~~~ O T - K -

N M I N 1= MI  (NK)
N~~1I(NK+1)
CA LL XRE AD (2 1 ,  PR,NiIINI ,N,MAXN, MAXN , NK,  M A X 2 ,V i )
CA L L X R ~~A D(22 ,GP,NMIN11NRHS ,MAXN ,NRHS ,NK,t lAXN ,T1)  *

CALL YSYMY (N,Nl1 IN1,XP,I.,P,PR,XP,NRHS~ MAXN ,MAXN ,NRHS,t1AXN ,Ti)
CALL XWR1TE (22,XP,NMIN1,NRHS,MAXN ,N4 (HS,NK,MAXN ,Tl)

2 0 0  CO N T I N U E  •

RtTU~ N
END 

-

~~ , ,LL!~~i~~~~~
- c --- - —- 

- -  -- -
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S UI 3R OU T I .’IE fp A N S F ( T1 , MA X N ,  IDER, IPRR)

C0M1tON/FUUR1/KFOUR ,Kt,K2,K3,Kk,K5 ,K6,K7,K 8,K9
CJW~1ON/FOUR2/K1U,K11,K12,K13,K14,K15,KK2CW1MON/~~INTG/NE QPOT,t1I (500)
eO M M J N/G O ISK / 12 1  (501), 122(501)
CO IItION/FIDFR/L)ELTA ,AL1,GA 1,AL 2, BT2,GA2
COMtION/PRCS1/AWM (tQO ,31,AWMP (100,J ),AWII PP (IOQ,-3)
C0MMQN/pRES2/dWrl (100,2),BWMP (130,2),3WMPP (100,2)
GO tlttON/PRES3/C F M (100 , 4)  , GFMP (10 0, 4) , GFMPP ( 100, 4)
CO~1MON/P- ’~ES4/ L3F11( 103,4) ,L) Ft lP( i00,1.I,0FMPP( 10Q,4 I
COt1MON/P~ ES5/AWZI10t3,3 ),AWZP(100,3),AWLPP(10O,3)cO;1MoN/PREs6,3wflt0O,2),3~ zP(1u0,2),3wzPp(1O0,2)COMMON/RESBNI /AWtIB (2,3), AWMPPB 12,3), ~t4I1B(2 ,2) , BWMPP8 (2 ,2)
CU~1MON/RES3N2/CFMB(2,Z.),CFMPPB(2,4),DFMB (2,4),D-FMPPB (2,4).

- - OIME11~~I0N T1 (MAXN ) - - - -  - -

3 F( IPRR. EQ.3)  GO T O 278
DO 1(~ 11 1,NEQPOI.
NL MI(I1) -

CALL READMS (22,T1,NL,I1) - - - -

IF (I1.NE.1)G0 TO 175 -

30 11 J1 1,K1
AWMB (1,J1)-T1 (J1) - 

- -

AWM (I i,Jt)=11 (J1-IK151 
-   -

AWMPP8 (1,J1 )-TitJli-4 (7) 
- 

-   

-

AW ~1PP ( I1,J1)-=T 1(J1+4(7tXi 3I
11 CONTINUE

00 12 J1 1,KFOUR - • - 
• 
-

3 W M D ( 1 ,J 1 )-= Il fJt#K 1 )  
- - 

-BW M(t l ,J 1) T1(J1+K1-i-K15)
t3WMPPB (t,J1)=Tt (Jli-K9)
dWMPP (I1,J 1) 11 (J1+K9+Kt51-- 

12 CONTINUE 
- - 

• 

DO 1.3 J1- 1,KK2 - 
•CF~1t3( t ,Ji) ‘ T1 (Jl’K3)OFMF3 (1,J1)- T1 (JIfK5) - - -

CFM (I1,J1)- T1 (J1+K3+K15) - 
-

OFM (I1,J1) T1 (J1+K5I-K15) - -

CFI?PB (1,J1) T1 (J11K11) - -

OFMPPB (1,J11 T1 (Jl+K13) -
- CF$PP(I1,J1)=Tl t JliX11-iKlSI -- - -    

- 
-

OFMPP (I1,Ji)-T1 (J1+Kl3’K15) •  -

13 CONTINUE 
-

GO TO 10 - 
- 

- -

175 DO 1’. J1=1,Ki 
-

- 

- -- - - -

- AWM (I1,J1) 11(J1)
AWM?P (I1,J1) T1 (J1 +4(7)

14 CONTINUE -

00 15 J1 1,KFOUR - - -

£3W11 (I1,J1) T1(J1fK1)
3WMPPII1,J1) T1 (Jt+K9)  - 

-
•

15 C0~1TINUE30 16 J1=1-,KK2 -

CFiI (11,J1) T1LJ1+K3)

-

•

4-
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JFM (I 1,J1)=T1 (J iI-K5) -

CFt1?è-~(It,J1)-~T1 (Jl.Ki1)DFMPP( I1 ,J 1)-=T1 (J l- . K 13)
16 C3~iTINU E

IF( I1.NE.NE~~PO 1) G O TO 10
00 1? J1 1,K1
A W M~3 (2,J1) T1 (J1*4 (l5)

- A W~1P~~B (2,J1) T1 (J1+K7+Kj5)
17 CONTINUE

00 18 J1=1,KFOUR -

dW~15 (2,J1) =tj(Jj4K1.4 (15) 
-

BWMPP 3 (2,J1)-~T1 (J1-f K9+K15) —

- 18 CONTINUE -

(JO 19 J1=1,KK2 -
CF;1O(2,Jt)=Tl (J1+K3-1K15) -DFMC(2 ,J- 1) T 1(J 1+K5+K15) - 

-• CF;lPPa(2 ,J 1) =T1(J 14 KI1+K15) •

DFt1PP3(2,J1) T1 (Jt~ K13+K15)19 C O N T I NUE - - - - - - - - - - -
10 CONTINUE - -

IF (I~)cR.NE.1) GO TO 275 - 
-

N E 1 ~E-~PO1— 1 - -

DO 20 I1=2,NcQP- 00 21 J1 1,K1
4h1j’(Ij,J1) AL1’AWH (I1—1,J1)+GAj~~AWM (I1+t,J1,)
IF(J 1.E(~.Kl) GO TO 21 -

- RWI? (I1,Jl) AL1’BWM (jl—t,Jl)+GAI’BWM (Ilil,Jl) - - 
- -

21 CONTINUE
00 22 J1=1,4(K2 

- 
-

CF-1P (I1,Jl)~~ALl CFM (I1—i,J1)+GA 1~ CFM (I1+i,J1)OFMP (I1,J1) AL1’DFM (ll—i,Jl)fGAl’DFM (It+i,Jl)
22 CONTINUE - 

- -

20 CON T I N U E
30 23 J1=1;K 1 - -

A WMP j,J1) AL1 ’AWMU (i,Ji)+GA 1 AWM (2,J1)
A W t ~P NEQPOr ,J1 ) =A Ll~~A W n( NEQP ,J 1) +GA1 ’A w Ma (2 , J 1)
IF(J1.EQ.K 1) GO TO 23
8W IIP 1,J1)-=AL1 3rlM&(l,J1)+GA1 ’-t~WM (2,J1)BWMP NEQPOT,J1) AL1~~3W11 (NE (4P,Jl)+GA1’BWt1B{2,Ji)23 CONEINUE - -- -

DO 24 J1 1,KK2
CFMP(1 ,J1) A L t ’CFM B ( 1, J1 3 + GA 1 ’CFM ( 2,Jl )

• DFMP (1,J1)=AL1’OFMB (l,Jj)+GA1~ OFM (2,J i)• CFIIPINE QPOT,J1)=AL1’CFM (NE (&P,Jt)-4-GA1-’CFMB (2,J1)
DFM PtN POT,J 1) AL l~~DFM (1~EQP,J1)+GAi~ DFM d (2,J1)24 C O N T I N U E  - -

275 IF (IPRR.NE .1)RETURN
278 CONTINUE - 

- 
- - - 

• 
- • —

J1 LJ -

W R I T E ( 6 , 4 0 0 )J 1
W R L 1 E( 6 , 5 0 0~xX=3 . - 

- -

W R IT E ( 6 , 6 0 0 ) A W M8( 1,1) ,AWM PPI3 ( 1 ,1)  I 
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00 48 j 1 1, :~E QP O1
- W R J J €  (6,5(i9)I1, XX ,AWII( I1,1) ,AWIIP(It,1) ,AWMPP (1l,1) -

XX XX +IJELTA
1+8 CONT INUE

• W RlT~~
(6,b00)AWMB (2,1),AWMPPB(2,i)

00 49 J1~~i,4 (K2IFIJ1.GT.KFOUR ) GO 10 68
W R11 t(6 ,40 t ~)J1 -

W k j T ~~(b, 5 O0 )
W~~I T ( o,700 )AWM3ti ,J14t ) ,AWMPPt3(i,J1+1),t3W Mt3 (1,Jt) ,t3WMPP~~(i,J1)00 51 I1- 1,NEQt’OI
WR ITE (6,609)11, A~ I1 (I 1,J1+1) , A W M P  ( I1,J1#t) , AWIIP P (Ii, J1+ 1),
1~ WM (I1,Ji),-3WMP (I1,J1),3WI-IPP(I1,J1) •

5 1 C ON T INU E -

WRITE (€ ,700)AWMB (2,J1#1),AWMPP~~T2,Jj+1),BW MO (2,J1),Bdi1PP9 (2 ,J1)68 WR ITE (6,4t~3)Jj 
-

WRITE (6,50 1) - -

WRITtI6,7 00)4;FIB (1,J1) ,CFMPPD (1,J1I,uF11t3 (1,Jj),QFiIPPJ (l,J1)
00 52 I1=1,~1EQPOT 

-

WRITE (6,609) Ii, CFM (I1, Ji) ,G FHP( t1,Jt) ,CF1IPP( ti,JIJ ,OFM (Ii,J1),
IDFMP (I1,J1),CF IIPP (I1,Jl)

52 CO NTINUE
WRITE (6,7G0)CFM8 (2,J1),CF~;PPBl2,J1 ),oFMB (2,Ji),oFKPPB (2,J1)

1+9 CONTINUE - -

‘+00 FOR MAT (//, 2X ,~ RESULTS FOR ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 
-

500 FORMAT (//,2X,~ POIUT” ,4 X , ’LENGTH~ 9X,”WCOS ’,1IX ,‘WPCOS ?’, lox,
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 
501 FORMAT(//,2X,~ POINT~~,4X ,’1ENGTH ’,9X, FCQS’ ,jjX,~~FPCOS’ ,10X,j ”FPPCOS ’,lGX ,’FSIN” ,11X ,”F~~SIN” ,9X ,~~FpPSINv2x, ”— ================

• 2===— ===~~—— = === =~ ============~~~’)600 FQRtIAT (//20H FICJIV E POINT E15.6,j.5X,E15.6//)
5C9 F OR~1AT (I8,E12.4, 3E15.6)
700 FORMAT (//20H FICTIVE POINT E15.6,15X,2E15.6,15X,E15.~~

//)
609 F O R M A T t I ~~, t2X ,6E15.6)R E T U R N

E N D  - 
- - - -
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SIJ~3ROUTINE . IM?E~~FCONMON/FOURI/KFOUR,K1,K2,K3,K4,K5,K6,K7,K 8,K9
COM~iON/F0UR2~Kl0 ,K11,K12,Kt.3,K1~.,K15,~(K2COMMON/C INTG/NEQPOT ,MI (500)
COMMON /FACT3/XL , XH
CUMKONIFIDFR/OELTA ,AL1,GA1,412,812,GA2
COt1MON/PR~ S5/AWZ (100,3),AWZP (100,3),AWZPP

(100,3)
COMHON/P~ES&/BWZ (1O0,2),3WZP (l00, 2)

,3WZPP (100,2)
DIMENSION AM (1~)),BM (l0)0V 1.
PI ’..~~ATAN (DV )
REA 13 (5 , 2 0C ) ML, DL
READI5,1001 (Ai1 (II,1 1,NL)
READ (5,100)(ar1 (I),I=l,ML)
DO 12 1 1,ML
AM (I)=At1 (I)~~OL X H
dM (I) 8M(I) XH’DL

12 CONTINUE
200 FO~~MA1 (I6,E12.1+) . . . 

. 
-

100 FORMAT (6E12.4)
xx=0.
[JO iC I1=1,NEQPQT
AWZ (I1,2) 0.
AWZP (I1,2) 0.
AWZPP (Ii ,2) 0.
8WZ(11,1)=0.
9WZP (I1,l)=0.
t3WZPP (tt,1) 0.
AWZ (I1,1F~0.AWZP ( .11,1) =0.
AWZP?(I1,1)~~~.BWZ (I1,2J~~0.OWZP (  II, 21 0.
3WZPP (I1,2) 0. . .

DO 11 1M 1,ML
A1=PI~~Irl/XLA12 A1~ ’2AIX=SIN(A14XX)
A2X=COS (A1~ XX)AWZ (I1,2)=AWZ (I1,2)—AM (It4)~~A 1XAWZ?iIi,2) AWZP (I1,2)—AM (IM)~~Ai’A2XAWZPP (Ii ,2)=AWZPP (11,2) IAM (IJl) A12~ A 1Xi3WZ (I1,1)=iIWZ ( 11,1) —6M (IN) ~A lX
BWZP (I1,1) 9WZP(I1,1)—8M(IH)~~A i A2X
aWZPP tI1,j)=8WZPP(I1,1)fbN (INI’A12~ A 1X11 CONTINUE
IF (K1.LE.Z) GO. TO 50
00 13 J1 3,K1 

- . .  . . - -  - - -

- AWZ (I1,J1) 0.
AWZP (I1,J1) 0. .

- . AWZPP (11,JIP 0. - .  -
BWZ (t1,J1) 0.  

.  . -  . -

BWZP (1t,J1) 0.

. _.

~ 

~~~. _ _
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UWLPs~(I1,J1)=O,
~,3 CONTINUE
50 CONTINUE

XX=XX+ DELTA
13 CONIINUE
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APPENDIX B

Sunmiary of Work Performed Under AFOSR- 74-2655
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The overall effort under grant AFOSR-74-2655 which deals with the

minimum weight design of fuselage-type stiffened cylindrical shells, can -~

best be described by giving a precise but general statement of the pro-

blem and by discussing individually all of the accomplishments.

The precise statement is as follows: given an internally stiffened,

imperfect , circular , cylindrical shell of specified material, radius, and

length , find the size, shape and spacings of the stiffeners and the thick-

ness of the skin, such that the resulting configuration can safely carry

a given set of destabilizing loads (applied individually or in combination)

with minimum weight. The solution of the problem required application of

modern optimization techniques, development of efficient solution methodo-

logies for finding critical conditions for stiffened shells under certain

loads and in the presence of initial imperfections , and incorporation of

al l  of the above into a sing le computer code .

The load cases considered are (a) uniform axial compression, (b) uni-

form or nonuniform lateral pressure and (c) uniform torsion. These loads

are representative of the types that the configuration is expected to

encounter in service when used either in an aerospace vehicle fuselage or

in a submarine hull.

The structural theories employed in the mathematical model are based

on the following assumptions .

(1) the material behavior is linearly elastic.
(2) the kinematic relations correspond to those of moderate rotations

[(rotation)2 << 1]
(3) the loads are applied quasi-statically
(4) the stiffener spacings are small and the connections are inonoli-

thic so tha t the “smeared” technique be applicable
(5) the imperfection shapes are smooth functions of position and the

imperfection amplitude is reasonable from a manufacturing point
of view (several skin thicknesses).
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The overall effort can be divided in two parts (a) those problems which

are free of initial imperfections and for which linear buckling analyses

have been employed in the optimization technique and (b) those problems

which include geometric imperfections.

The accomplishments for each class of problems are listed separately .

OPTIMIZATION OF PERFECT GEOMETRY CYLINDERS

EMPLOYING LINEA R BUCKLING ANALYSES

The work associated with this phase of the research program has been

reported in detail , through three AFOSR Technical Reports (Refs . B.l-B.3)

and numerous publications in refereed journals (Refs . B.4-B.ll).

In this phase, the design objective of the aforementioned optimization

problem is minimum weight. The general instability load(s) is considered

to be the one or one of the active failure modes (in some cases, applicable

to pressure loaded submarine hulls , skin yielding is considered to be the

active failure mode). Thus, in the optimization formulation this load is

taken as an equality constraint. All other failure modes are taken as

inequality constraints (behavioral). These include panel instability, lo-

cal instabilities of the skin and stiffeners and yielding of the skin and

stiffeners . Other inequality constraints are of the geometric type and

they represent realistic dimensions for some of the design variables such

as minimum gages for skin and stiffener thicknesses as well as limitations

on the stiffener spacings .

Moreover , because of the possibility of detrimental effects due to

failure mode interaction , the condition of separation of these modes is

imposed on the solution .
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The design variables of the problem are the skin thickness, the

stiffener spacings , the stiffener geometries (shapes considered are:

rectangular, R , angle, A , T-shapes, T, channel sections , C , I-sections , I,

hat-sections , H, and others), web and flange widths and thicknesses. The

number of these variables is eleven,but due to the small ef fec t  of the

stiffener web and flange thicknesses on the minimum weight,it is assumed

that these thicknesses are equal and thus the number is reduced to ten.

The load cases considered and reported in Refs. B.l-B.ll include (i) uni-

form axial compressièn , (ii) uniform pressure , (iii) torsion, and (iv) all

possible combinations of above.

Among the most important conclusions of this phase one may list: (a)

the developed methodology includes the following desirable features :

(i) The designer can easily assess the need or lack of need for
stiffening in both directions.

(ii) through no penalty or minimum penalty in weight the designer may
avoid failure mode interaction.

(iii) the designer may carry out important trade-off studies to arrive
at a practical minimum weight configuration.

(b) For axial compression and pressure loaded systems, the minimum weight

design is not unique. This means that, for a given set of the specified

parameters, the design variables can be adjusted so as to give several

acceptable designs corresponding to the same minimum weight.

(c) The optimum dis tribution of material is load case dependent and length

to radius ratio dependent. For moderate length cylinders (L/R ” 3), the

following observations are made;

(i) The optimum distribution of material corresponds to approximately
60°h in the skin , 30Z in the stringers and 107. in the rings for -
axially loaded shells .

(ii) For pressure loaded shell, the optimum distribution of material
corresponds to 607. in the skin, 30% in the rings and 10% in the
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stringers .
(iii) For combined axial compression and pressure the combined stiffe-

ner material is approximately 407. of the total , but distributed
into stringer and ring material in accordance with the relative
amounts of pressure and axial compression (with respect to li-
near theory critical loads).

(iv) For pressure loaded shells the amount of ring material increases
with the L/R ratio (slightl y).

(d) The optimum st iffener shape is also load case dependent.

(i) For axially loaded s t i f fened shells the stringers must be T-
shaped , while the rings must be rectangular (see Fig. B.l-B.3)

(ii) For pressure loaded stiffened shells the rings must be T-
shaped , while the stringers must be rectangular .

(iii) For torsion loaded s t i f fened cy linders the combination of hat
stringers with either hat rings or rectangular rings proved to
be the most efficient one.

(e) The curve for determining the optimum skin thickness (part of the

minimum weight design methodology) is relatively flat for the axial com-

pression and uniform pressure cases . Therefore, very precise determination

of the optimum thickness is not necessary for minimum weight design. In

the case of torsion, the minimum weight thickness is always equal, to the

minimum gage imposed .

OPTIMIZATION OF IMPERFECT STIFFENED CYLINDERS

The work associated with this phase of the program has been reported

through Refs. B.12-B.17, as well as in the present AFOSR Technical Report.

In this phase a methodology was first developed and demonstrated

through numerous examples for analyzing imperfect stiffened shell configu-

rations under various load conditions (see Refs. B.12-B.l5 and present

report).

Then, this methodology was incorporated with the linear buckling theory

optimization procedure in order to optimize an imperfect stiffened cylinder

(see Refs. B.l2, B.l6, B.17 and present report).
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Thus, a solution methodology has been developed in order to optimize

an imperfect stiffened circular cylindrical shell under individual and

combined application of destabilizing loads.

Finally , a small effort was exerted , under the present grant, to

investigate the imperfection (load eccentricity) sensitivity of a dif-

ferent structural configuration (a simple two-bar frame--see Ref. B.18).

i i
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